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Abstract 

The  purpose  of  this  research  was  to  perform  a  field  evaluation  of  a  new  solvent- 
free  sampling  method  using  di-n-butylamine  for  the  determination  of  airborne  monomeric 
and  oligomeric  1,6-hexamethylene  diisocyanate  (HD I).  During  this  study,  the  Supelco 
ASSET™  EZ4-NCO  Dry  Sampler  was  compared  to  the  Omega  Specialty  Instrument 
Company  ISO-CHEK®  sampler.  Three  specific  questions  were  addressed:  1)  can  HDI 
oligomers  be  quantified  using  liquid  chromatography  and  mass  spectrometric  detection 
(HPLC-MS);  2)  do  ASSET™  and  ISO-CHEK®  samplers  collect  equivalent  HDI  monomer 
and  oligomer  concentrations;  and  3)  what  is  the  relative  cost  of  ASSET™  samplers  verse 
ISO-CHEK®  for  employee  monitoring  in  the  US  Air  Force. 

Side-by-side  HDI  air  sampling  was  conducted  during  polyurethane  spray  painting 
operations  to  determine  if  there  was  a  significant  difference  between  ISO-CHEK®  and 
ASSET™  samplers.  ASSET™  samplers  were  analyzed  by  HPLC-MS  for  HDI  monomer 
and  oligomers,  including  HDI  biuret  and  isocyanurate.  The  ASSET™  sampler  (n  =  32) 
collected  significantly  higher  levels  of  HDI  monomers  (mean  difference  =  0.029  mg  m'  ), 
indicating  ISO-CHEK®  samplers  potentially  underestimate  true  HDI  monomer  exposures. 
HDI  oligomer  results  were  inconclusive.  Finally,  the  analytical  cost  for  the  ASSET™ 
sampler  was  determined  to  be  50  percent  less  than  ISO-CHEK®  resulting  in  a  cost 
savings  of  $32  K  over  5  years. 
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FIELD  EVALUATION  OF  SOLVENT-FREE  SAMPLING  WITH 


DI-A-BUTYLAMINE  FOR  THE  DETERMINATION  OF  AIRBORNE  MONOMERIC 
AND  OLIGOMERIC  1 ,6-HEXAMETHYLENE  DIISOCYANATE 

I.  INTRODUCTION 


1.1  GENERAL  ISSUE 

In  the  United  States  Air  Force  (USAF),  preventing  metal  corrosion  and  surface 
deterioration  on  aircraft  is  essential  to  the  flying  mission.  Corrosion  prevention  is 
accomplished  using  a  variety  of  organic  coatings  including  isocyanate-based 
polyurethane  topcoats  (AFCPCO,  2013).  Isocyanates  are  typically  one  of  the  most 
hazardous  chemical-based  exposures  at  a  USAF  installation,  thus  warranting  extensive 
air  sampling  by  AF  Medical  Service  personnel.  Isocyanates  are  highly  reactive,  low- 
molecular  weight  chemicals  containing  one  or  more  -N=C=0  functional  groups  attached 
to  an  aromatic  or  aliphatic  molecule.  Isocyanates  are  classified,  based  on  the  number  of 
N=C=0  groups  in  the  molecule,  into  diisocyanate  monomers  (two  NCO  groups)  or 
polyisocyanates  (three  or  more  NCO  groups)  (Deft,  2011).  Oligomers  are  a  special  class 
of  low  molecular  weight  polyisocyanates  with  10  or  fewer  NCO  groups.  Polyurethane- 
based  paints  and  coatings  containing  monomeric  and  oligomeric  isocyanates  are 
frequently  selected  as  aircraft  top  coating  because  of  their  durability,  flexibility, 
weatherability  and  abrasion,  chemical  and  impact  resistance  (England  and  others,  2000a; 
England  and  others,  2000b).  The  most  widely  used  isocyanates  in  US  AF  corrosion 
control  operations  are  monomeric  and  oligomeric  1 ,6-hexamethylene  diisocyanate  (HDI) 
(EESOH-MIS,  2012). 
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Isocyanate  exposure  can  cause  contact  dermatitis,  asthma,  and  hypersensitivity 
pneumonitis;  the  most  common  adverse  health  outcome  associated  with  isocyanate 
exposure  is  occupational  asthma  due  to  sensitization  (Abadin  and  Spoo,  1998). 

Assessing  and  controlling  employee  exposure  is  important  to  minimize  these  adverse 
effects.  Isocyanates  have  been  a  known  hazard  for  decades  with  well  documented 
sampling  methods;  however,  the  literature  indicates  the  measurement  of  airborne 
isocyanate-containing  compounds  continues  to  be  a  challenge  in  the  industrial  hygiene 
field. 

Selection  of  the  most  appropriate  sampling  and  analytical  method  for  quantitative 
monitoring  of  isocyanate  exposure  in  a  specific  workplace  environment  is  difficult  for  the 
following  reasons:  (1)  isocyanates  may  be  in  the  form  of  vapors  or  aerosols  with  various 
particle  sizes;  (2)  the  species  of  interest  are  reactive  and  unstable;  (3)  commercially 
available  pure  analytical  standards  are  not  available  for  all  oligomeric  isocyanates  of 
interest  and  (4)  low  limits  of  detection  are  required.  Some  common  sampling  devices 
have  included  a  variety  of  cassettes  with  treated  filters,  denuders,  and  impingers 
(Streicher  and  others,  1998;  ISO,  2012). 

There  are  several  methods  for  the  measurement  and  analysis  of  aerosol  and  vapor 
phase  monomeric  and  oligomeric  HDI  including  the  National  Institute  for  Occupational 
Safety  and  Health  (NIOSH)  Methods  5521,  5522,  and  5525,  as  well  as  the  ISO-CHEK® 
Sampler  and  the  Occupational  Safety  and  Health  Administration  (OSHA)  Method  42. 
Numerous  studies  have  been  conducted  comparing  sampling  results  obtained  using  the 
methods  listed  above,  each  providing  varying  recommendations  on  individual  method 
performance  (England  and  others,  2000a;  England  and  others,  2000b;  Carlton  and 
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England,  2000;  Rudzinski  and  others,  2001;  Rando  and  others,  2001;  Thomasen  and 
others,  2011;  Ceballos  and  others,  2011;  Reeb-Whitaker  and  others,  2012).  There  is  no 
definitive  sampling  method  best  suited  for  all  isocyanate  sampling  operations  as, 
arguably,  each  method  has  limitations. 

The  current  method  preferred  by  the  US  Air  Force  School  of  Aerospace  Medicine 
(USAFSAM)  for  sampling  isocyanates  is  ASTM  D6561  and  D6562,  commercially 
known  as  ISO-CHEK®.  ISO-CHEK®  was  selected  as  the  primary  sampling  method  in  the 
Air  Force  due  to  its  ability  to  sample  both  monomeric  and  oligomeric  HDI  in  the  vapor 
and  aerosol  phase  on  a  cassette.  ISO-CHEK®  consists  of  a  two-stage  filter  arrangement 
that  results  in  the  separation  of  vapor  from  aerosol.  Stage  one  contains  an  untreated 
Teflon  filter  to  collect  the  aerosol  phase,  and  stage  two  holds  a  glass  fiber  filter  (GFF) 
impregnated  with  9-(N-methylaminomethyl)  anthracene  (MAMA)  designed  to  capture 
and  derivatize  the  vapor  phase  isocyanates.  Derivatization  of  the  aerosol  is  accomplished 
by  immediately  placing  the  Teflon  filter  into  l-(2-methoxyphenyl)  piperazine  (MOPIP) 
in  toluene  solution  after  sampling  (Omega  Specialty  Co,  2006;  Batten,  2012). 

1.2  PROBLEM  STATEMENT 

Several  issues  have  been  identified  with  the  ISO-CHEK®  sampling  protocol:  1) 
the  ISO-CHEK®  protocol  requires  derivatization  in  the  field,  increasing  the  potential  for 
sampling  induced  error,  contamination,  and  under  estimation  if  not  immediately 
derivatized;  2)  the  ISO-CHEK®  sampling  media  must  be  changed  every  1 5  minutes, 
leading  to  increased  disruptions  and  lost  productivity  while  outfitting  the  industrial 
worker;  3)  the  sampling  media  requires  stringent  storage  temperatures;  4)  the  media  is 
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relatively  unstable  with  analysis  recommended  within  7  to  10  days;  and  5)  the 
derivatization  solution  is  considered  a  hazardous  material  during  shipment  subject  to 
Department  of  Transportation  (DOT)  hazmat  compliance  regulations.  These  combined 
issues  indicate  a  need  for  further  research  and  consideration  of  emerging  isocyanate 
sampling  technologies. 

In  response  to  these  issues,  a  recent  proposed  alternative  involves  the  use  of  di -n- 
butylamine  (DBA)  derivatization  agent,  used  in  conjunction  with  a  combined  denuder 
and  filter  sampler.  This  sampling  technology  is  commercially  available  as  the  Supelco 
ASSET™  EZ4-NCO  Sampler.  In  prior  studies,  fast  reaction  rates  and  stability  towards 
interfering  compounds  were  reported  for  the  DBA  reagent.  DBA  derivatives  in 
combination  with  liquid  chromatography  (LC)  and  mass  spectrometric  (MS)  detection 
have  been  demonstrated  as  a  tool  in  the  identification  and  quantification  of  isocyanates  in 
air  (Karlsson  and  others,  1998;  Marand  and  others,  2005;  Karlsson  and  others,  2005). 

1.3  RESEARCH  QUESTIONS 

The  objective  of  this  research  was  to  compare  the  current  ISO-CHEK®  sampling 
protocol  utilized  by  the  USAF,  with  the  new  commercially  available  Supelco  ASSET™ 
EZ4-NCO  Dry  Sampler.  The  specific  goal  of  this  research  was  to  compare  the  two 
sampling  protocols  and  their  ability  to  monitor  employee  exposures  to  monomeric  and 
oligomeric  HDI  during  aircraft  polyurethane  coating  operations.  This  research  will 
answer  the  following  questions: 

(1)  Can  adducts  of  1,6-HDI  as  a  dibutylamine  derivative  be  quantified  using 
liquid  chromatography  and  mass  spectrometric  detection? 
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(2)  Do  the  ISO-CHEK®  and  ASSET™  EZ4-NCO  Dry  Samplers  collect  an 
equivalent  airborne  HDI  monomer  concentration? 

(3)  Do  the  ISO-CHEK®  and  ASSET™  EZ4-NCO  Dry  Samplers  collect  an 
equivalent  airborne  HDI  oligomer  concentration? 

(4)  What  is  the  relative  cost  of  using  the  ASSET™  Sampler  verse  ISO-CHEK®  for 
employee  monitoring  in  the  US  Air  Force? 

1.4  SCOPE  AND  APPROACH 

Side-by-side  HDI  air  sampling  was  conducted  at  Stewart  Air  National  Guard 
Base,  Newburgh,  NY  during  polyurethane  spray  finishing  operations  as  part  of  a  C-5M 
interior  aircraft  refurbishment  to  determine  if  there  was  a  statistically  significant 
difference  between  ISO-CHEK®  and  ASSET™  samplers.  Two  painters  were  sampled  on 
3  separate  days  during  paint  mixing,  spraying,  and  gun  cleaning  processes  using  15- 
minute  partial  period  consecutive  samples.  ISO-CHEK®  and  ASSET™  samplers  were 
clipped  to  the  shoulder  of  the  painters  within  the  breathing  zone.  A  total  of  32  paired 
ISO-CHEK®  and  ASSET™  samples  were  collected  using  appropriate  sampling  trains  and 
low-flow  pumps.  Descriptive  statistics  were  gathered  for  each  sampler  including  range, 
standard  deviation,  and  mean.  Paired  /-tests  (a-level  of  0.05)  were  used  to  determine  if 
the  variability  among  ISO-CHEK®  and  ASSET™  samplers  was  significantly  different. 

1.5  SIGNIFICANCE 

The  focus  of  this  thesis  is  to  test  the  research  hypothesis  that  a  significant 
difference  exists  between  the  ISO-CHEK®  and  ASSET™  methods.  If  the  ASSET™ 
sampler  provides  quantifiable  results  which  are  equally  as  sensitive,  or  more  sensitive,  for 
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HDI  monomers  and  oligomers  than  the  currently  used  ISO-CHEK®  sampler  it  may 
provide  a  better  field  solution  for  industrial  hygiene  personnel  to  help  ensure  compliance 
and  protection  of  worker  health  while  using  isocyanate-based  corrosion  control  materials. 

1.6  PREVIEW 

This  thesis  was  written  in  the  scholarly  article  format  with  the  intent  for 
submission  to  the  Journal  of  Occupational  and  Environmental  Hygiene.  The  article  is 
presented  as  Chapter  II  of  this  thesis,  reformatted  to  maintain  consistency  within  this 
document.  The  article  primarily  addresses  the  detection  and  quantification  of  HDI-DB A 
adducts  as  well  as  the  ASSET™  and  ISO-CHEK®  relative  collection  efficiencies  (Thesis 
Questions  1-3).  Chapter  III  concludes  the  thesis  by  addressing  Thesis  Question  4  while 
readdressing  the  other  3  thesis  questions.  Appendices  provide  expanded  material,  such  as 
an  expanded  literature  review  and  detailed  sampling  results. 
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II.  SCHOLARLY  ARTICLE 


Written  for  consideration  of  submission  to  the 
Journal  of  Occupational  and  Environmental  Hygiene 
(http://www.oeh.tandfonline.com) 

FIELD  EVALUATION  OF  SOLVENT-FREE  SAMPLING  WITH 

DI-A-BUTYLAMINE  FOR  THE  DETERMINATION  OF  AIRBORNE  MONOMERIC 

AND  OLIGOMERIC  1 ,6-HEXAMETHYLENE  DIISOCYANATE 

2.1  ABSTRACT 

The  purpose  of  this  study  was  to  perform  a  field  evaluation  of  a  new  solvent-free 
(dry)  sampling  method  using  di-«-butylamine  for  the  determination  of  airborne 
monomeric  and  oligomeric  1,6-hexamethylene  diisocyanate  (HDI).  During  the  study,  the 
new  Sigma-Aldrich  Supelco  ASSET™  EZ4-NC0  Dry  Sampler  was  compared  to  the 
Omega  Specialty  Instrument  Co.  ISO-CHEK®  sampler.  Side-by-side  HDI  air  sampling 
was  conducted  at  an  Air  National  Guard  Base  in  New  York,  during  polyurethane  spray 
finishing  operations  as  part  of  cargo  aircraft  refurbishment  to  determine  if  there  was  a 
statistically  significant  difference  between  ISO-CHEK®  and  ASSET™  samplers.  Two 
painters  were  sampled  on  3  separate  days  during  paint  mixing,  spraying,  and  gun 
cleaning  processes  using  15-minute  partial  period  consecutive  samples. 

A  total  of  32  paired  ISO-CHEK®  and  ASSET™  samples  were  collected.  Paired  t- 
tests  (a-level  of  0.05)  were  used  to  determine  if  the  variability  among  ISO-CHEK®  and 
ASSET™  samplers  was  significantly  different.  This  study  suggests  that  the  ASSET™ 
sampler  collected  significantly  higher  levels  of  HDI  monomers  ( P  =  0.002)  indicating 
ISO-CHEK®  may  potentially  underestimate  employee’s  true  exposures. 
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Nineteen  of  the  32  matched  pairs  were  above  the  calibration  range  for  HDI 
oligomers  and  were  diluted  in  accordance  with  the  Supelco  method.  The  high  degree  of 
variability  in  HDI  oligomer  internal  standard  response  indicated  the  19  samples  were 
biased  during  dilution.  Paired  /-tests  (a-level  of  0.05)  conducted  using  all  32  matched 
pairs  including  the  19  diluted  samples  indicate  the  ASSET™  sampler  collected 
significantly  higher  levels  of  HDI  oligomer  (P=  0.0358).  When  the  matched-pairs  are 
reduced  to  only  those  ASSET™  samples  that  were  not  diluted  ( n  =  13),  the  paired  /-test 
results  indicate  there  is  no  significant  difference  in  the  collection  efficiency  of  the 
ASSET™  and  ISO-CHEK®  samplers  for  HDI  oligomers  (P  =  0.0772).  Additional 
research  using  higher  concentration  calibration  standards,  once  they  are  commercially 
available,  is  recommended  to  confirm  the  relationship  between  the  ASSET™  and  ISO- 
CHEK®  HDI  oligomer  collection  efficiencies. 

2.2  INTRODUCTION 

In  the  United  States  Air  Force  (USAF),  preventing  metal  corrosion  and  surface 
deterioration  on  aircraft  is  essential  to  the  flying  mission.  Corrosion  prevention  is 
accomplished  using  a  variety  of  organic  coatings  including  polyurethane  topcoats  that  are 
capable  of  producing  hazardous  levels  of  airborne  isocyanates  during  application.  The 
hazardous  polyurethane-based  coatings  are  frequently  selected  because  of  their  superior 
toughness,  outdoor  durability,  and  high  chemical  resistance  (AFCPCO,  2013).  The 
polyurethanes  are  a  two  component  system:  a  base  component  containing  polyols, 
pigments,  solvents,  and  additives  and  a  catalyst  component  containing  solvents  and  1,6- 
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hexamethylene  diisocyanate  (HDI)  monomer  and  oligomers  (AFCPCO,  2013;  Deft, 

2011). 

Corrosion  control  personnel  are  potentially  exposed  to  the  overspray  mist 
containing  a  mixture  of  reacted,  partially  reacted,  and  unreacted  oligomers  (Fent  and 
others,  2006).  The  health  hazards  of  HDI  are  well  documented  and  include  irritation  of 
the  mucous  membranes  of  the  eyes,  nose  and  throat,  and  gastrointestinal  and  respiratory 
tracts.  Irritation  may  be  severe  enough  to  produce  bronchitis  and  bronchospasm. 
Sensitization  and  asthma  are  the  primary  health  concerns  with  prevalence  rates  of  1  to  20 
percent  in  the  exposed  workforce  (Abadin  and  Spoo,  1998;  Bello  and  others,  2004). 

Isocyanates  may  be  present  in  both  the  aerosol  and  vapor  phase  and,  therefore,  air 
sampling  mechanisms  should  be  capable  of  effectively  capturing  both  phases.  Many 
sampling  mechanisms  have  been  presented  including  impingers,  impinger-filter 
combinations,  sorbent  tubes,  denuder- filter  combinations,  and  diffusive  samplers  (ISO, 
2012).  However,  there  is  little  agreement  in  the  industrial  hygiene  field  regarding  the 
best  sampling  and  analysis  method  for  determining  employee  exposures  to  airborne 
isocyanates. 

Further,  isocyanates  are  highly  reactive  and  unstable.  Samples  must  be  efficiently 
derivatized  to  stabilize  the  isocyanate  and  prevent  reactions  from  occurring  with  polyols 
or  water.  Several  reagents  have  been  proposed  to  stabilize  the  reactive  diisocyanates 
including  l-(9-anthracenylmethyl)  piperazine  (MAP),  l-(2-methoxyphenyl)piperazine 
(MOPIP),  l-(2-pyridyl)piperazine  (1-2PP),  1,8-Diaminonaphthalene  (DAN),  di-«- 
butylamine  (DBA),  and  9-(N-methylamiomethyl)  anthracene  (MAMA).  In  addition  to 
compound  stability,  there  is  also  a  lack  of  commercially  available  pure  analytical 
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standards  as  most  standards  are  limited  to  derivatized  monomers.  Lastly,  low 
occupational  exposure  limits  drive  the  need  for  extremely  sensitive  analytical  methods. 
Current  analytical  methods  rely  on  high-performance  liquid  chromatography  (HPLC) 
coupled  with  ultra-violet  (UV),  fluorescence  (FL),  or  mass  spectrometry  (MS)  detection 
(Bello  and  others,  2004;  ISO,  2012;  Streicher  and  others,  2000).  Refer  to 

Table  1  for  a  list  of  published  methods  available  for  analyzing  HDI  monomers 
and  oligomers.  Further  discussion  on  these  methods  can  be  found  elsewhere  in  the 
literature  (England  and  others,  2000a;  England  and  others,  2000b;  OSHA,  1989;  NIOSH, 
1994;  NIOSH,  1998;  NIOSH  2003). 


Table  1.  Standard  Methods  for  Determining  HDI  Concentrations  in  Air 


ASSET™ 

ISO-CHEK® 

NIOSH  5521 

NIOSH  5522 

NIOSH  5525 

OSHA  42 

Analyte 

HDI  Monomer 
HDI  Polymers 

HDI  Monomer 

HDI  Polymers 

HDI  Monomer 
HDI  Polymers 

HDI  Monomer 
HDI  Polymers 

HDI  Monomers 
HDI  Polymers 

HDI  Monomer 

Sampler 

13 -mm  filter  + 
denuder 

37-mm  closed- 
face  double  filter 
cassette 

Impinger 

Impinger 

Filter,  Impinger, 
or  Impinger  + 
Filter 

37-mm  single 
filter  open- 
faced  cassette 

Sample 

Media 

GFF  +  Denuder 
w/DBA 

PTFE  Filter  field 

derivatized 

w/MOPIP, 

GFF  w/MAMA 

MOPIP  in 
toluene 

Tryptamine  in 
DMSO 

GFF  w/MAP  in 
37-mm  cassette 
or  IOM  sampler, 
or  MAP  in  butyl 
benzoate 

GFF  W/1-2PP 

Flow  Rate 
(1pm) 

0.2 

1 

1 

1-2 

1-2 

1 

Analysis 

HPLC 

HPLC 

HPLC 

HPLC 

HPLC 

HPLC 

Detection 

MS  or  MS/MS 

UV/PDA 

UV/PDA,  EC 

FL/EC 

UV/FL 

UV,  FL 

Standard 

Method 

Publication 

Year 

2006  Monomer 

2012  Monomer 
2006  Polymer 

1994 

1998 

2003 

1989 

Additional 

Comments 

ISO  17734 

ASTM  6561 

ASTM  6562 

Unrated 

NIOSH 

Evaluation 

Partial  NIOSH 
Evaluation, 
recommended 
for  area 
sampling  only 

Partial  NIOSH 
Evaluation 

OSHA 

Evaluated 

Method 

Notes:  GFF  =  Glass  Fiber  Filter;  DBA  =  di-zi-butylamine;  PTFE  =  polytetrafluoroehtylene;  MOPIP  =  l-(2-methoxyphenyl)piperazine; 
MAMA  =  9-(N-methylamiomethyl)anthracene;  DMSO  =  dimethyl  sulfoxide;  MAP  =  l-(9-anthracenylmethyl)piperazine;  IOM  = 
Institute  of  Medicine;  1-2PP  =  l-(2-pyridyl)piperzine;  HPLC  =  High  Performance  Liquid  Chromatography;  MS  =  Mass  Spectrometry; 
MS/MS  =  Tandem  Mass  Spectrometry;  UV  =  ultraviolet;  PDA  =  photodiode  array;  EC  =  electrochemical;  FL  =  fluorescence  . 


10 


In  2013,  the  Occupational  Safety  and  Health  Administration  (OSHA)  announced 
a  new  National  Emphasis  Program  (NEP)  aimed  at  reducing  and  eliminating  the 
incidence  of  adverse  health  effects  associated  with  occupational  exposure  to  isocyanates. 
As  part  of  the  program,  OSHA  is  requiring  changes  in  how  compliance  officers  conduct 
isocyanate  sampling.  Specifically,  OSHA  has  recognized  desorbing  all  filter  samples  in 
the  field  is  a  prudent  practice.  Therefore,  OSHA  has  implemented  a  new  standard 
operating  procedure  requiring  compliance  officers  to  perform  field  derivatization  of  all 
isocyanate  filter  samples.  It  is  OSHA’s  position  that  immediate  field  derivatization 
stabilizes  the  highly  reactive  isocyanates  and  enhances  recovery  of  the  isocyanates  that 
do  not  come  into  contact  with  the  derivatization  reagent  coated  on  the  filter  (OSHA, 
2013).  OSHA’s  position  is  supported  by  prior  research  conducted  by  Schaeffer  and 
others  and  Karoly  (Schaeffer  and  others,  2013;  Karoly,  1998). 

In  the  US  Air  Force,  airborne  HDI  monomer  and  oligomer  exposures  are 
currently  sampled  using  the  ISO-CHEK®  sampler.  ISO-CHEK®  was  selected  as  the 
primary  sampling  method  in  the  Air  Force  due  to  its  ability  to  sample  both  monomeric 
and  oligomeric  HDI  in  the  vapor  and  aerosol  phase  on  a  single  cassette  (Batten,  2012). 
The  sampling  mechanism  consists  of  a  two-stage  filter  arrangement  that  results  in  the 
separation  of  vapor  from  aerosol.  The  first  stage  is  an  unimpregnated  Teflon  filter  that 
collects  isocyanate  aerosols.  After  sampling,  the  Teflon  filter  is  derivatized  in  the  field 
using  a  MOPIP  solution.  The  back  filter  is  a  MAMA-impregnated  glass  fiber  filter  that 
collects  vapor  phase  isocyanates  (ASTM  D6561,  2011;  ASTM  D6562,  2012).  Prior  to 
the  OSHA  NEP,  the  second  filter  was  derivatized  in  the  laboratory.  However,  there  are 
varying  interpretations  whether  the  new  OSHA  NEP  recommendation  for  field  desorption 
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of  all  filters  pertains  to  the  ISO-CHEK®  back  filter.  The  Washington  Division  of 
Occupational  Safety  and  Health  (WA-DOSH)  as  well  as  Bureau  Veritas  North  America 
(a  commercial  AIHA  accredited  laboratory)  have  interpreted  this  to  mean  the  MAMA- 
impregnated  back  filter  should  be  desorbed  in  the  field.  Alternatively,  the  USAFSAM 
laboratory  (a  Department  of  Defense  AIHA  accredited  laboratory)  continues  to  derivatize 
the  back  filter  in  the  laboratory  (OSHA,  2013;  WA-DOSH,  2013). 

In  the  literature,  ISO-CHEK®  performance  has  been  compared  to  other  methods 
including  National  Institute  for  Occupational  Safety  and  Health  (NIOSH)  5521,  NIOSH 
5522,  Occupational  Safety  and  Health  Administration  Method  42,  and  WA-DOSH 
samplers.  Previous  research  efforts  produced  varied  conclusions  regarding  the  ISO- 
CHEK®  HDI  monomer  performance.  Thomasen  and  others  reported  ISO-CHEK® 
underestimated  HDI  monomer  concentrations  compared  to  a  midget  impinger  containing 
MOPIP  in  solution.  England  and  others  (2000a  &  2000b)  concluded  the  ISO-CHEK® 
monomer  concentration  did  not  differ  significantly  from  four  other  commonly  used 
sampling  methods  (NIOSH  5521,  NIOSH  5522,  proposed  NIOSH  method,  and  OSHA 
42).  Thomasen  and  England  also  reported  varied  HDI  oligomer  results.  Thomasen  and 
others  found  ISO-CHEK®  measured  more  HDI  oligomers  than  the  midget  impinger 
containing  MOPIP  in  solution;  however,  England  once  again  found  no  significant 
difference  between  ISO-CHEK®  and  the  NIOSH  methods  (Thomasen  and  others,  2011; 
England  and  others,  2000a;  England  and  others,  2000b). 

In  addition  to  potentially  underestimating  HDI  monomer  concentrations,  several 
issues  have  been  identified  with  the  ISO-CHEK®  protocol:  1)  filters  require  field 
derivatization;  2)  rapid  analysis  is  recommended  (7  to  10  days  after  sampling);  3)  media 
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(cassette)  swapout  every  15  minutes  may  be  disruptive  to  industrial  operations;  4)  sample 
storage  at  4°  C  is  recommended;  and  5)  MOPIP  solution  is  considered  a  hazardous 
material  subject  to  Department  of  Transportation  (DOT)  hazmat  compliance  regulations 
(Omega,  2006).  Lastly,  as  of  2013,  piperazine  and  related  compounds  including  MOPIP 
were  declared  controlled  substances  in  the  United  Kingdom.  The  UK  Health  and  Safety 
Executive  are  liaising  with  the  Home  Office  to  acquire  a  license;  until  the  license  is 
received  the  use  of  MOPIP  is  effectively  banned  in  the  UK  (Johnson,  2013). 

The  ASSET™  sampling  mechanism  consists  of  a  two-stage  denuder  and  filter 
arrangement.  The  first  stage,  the  denuder,  is  a  polypropylene  tube  coated  with  a  di -n- 
butylamine  (DBA)-impregnated  GFF  designed  to  capture  vapor  phase  isocyanates.  The 
second  stage  is  a  DBA-impregnated  glass  fiber  filter  that  collects  aerosol  phase 
isocyanates  (ISO,  2006E).  In  prior  studies,  fast  reaction  rates  and  stability  towards 
interfering  compounds  were  reported  for  the  DBA  reagent.  DBA  derivatives  combined 
with  HPLC-MS  have  been  demonstrated  as  a  tool  in  the  identification  and  quantification 
of  isocyanates  in  air  (Karlsson  and  others,  1998;  Marand  and  others,  2005;  Karlsson  and 
others,  2005). 

Historically,  ASSET™  sampling  has  been  limited  to  isocyanate  monomers  due  to 
the  lack  of  available  pure  oligomer  analytical  standards.  However,  the  manufacturer  of 
the  ASSET™  sampler  recently  released  a  certified  reference  material  (ISO  Guide  34:2009 
and  ISO/IEC  17025:2005)  for  HDI  oligomers.  Per  the  manufacturer,  a  single  ASSET™ 
sampler  may  be  used  for  over  8  hours  which  leads  to  increased  productivity  of  the 
industrial  worker  and  the  potential  for  reduced  analytical  costs.  Additionally,  the 
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ASSET™  sampler  is  not  derivatized  in  the  field,  nor  does  it  have  special  DOT  shipping 
requirements  (Sigma- Aldrich,  2013). 

The  objective  of  this  study  was  to  compare  the  ISO-CHEK®  method,  currently 
used  by  the  E1SAF,  with  the  newer  ASSET™  EZ4  NCO  sampler  technology  during 
application  of  HDI-based  polyurethane  coatings  using  High  Volume  Low  Pressure 
(HVLP)  spray  guns.  Side-by-side  HDI  air  sampling  was  conducted  at  an  Air  National 
Guard  base  during  polyurethane  spray  finishing  operations  as  part  of  cargo  aircraft 
interior  refurbishment,  to  determine  if  there  was  a  statistically  significant  difference 
between  ISO-CHEK®  and  ASSET™  samplers. 


2.3  METHODS 

Side-by-side  HDI  air  sampling  using  low  flow  personal  pumps  was  conducted 
during  cargo  aircraft  interior  refurbishment.  A  total  of  32  HDI  paired  samples  were 
collected.  Two  painters  were  sampled  on  3  separate  days  during  paint  mixing,  spraying, 
and  gun  cleaning  processes  using  15-minute  partial  period  consecutive  samples.  ISO- 
CHEK®  and  ASSET™  samplers  were  placed  within  the  breathing  zone  of  the  painters. 

2.3.1  Painting  Process 

The  paint  used  during  this  study  was  a  two-part  polyurethane  gloss  white  paint 
manufactured  by  Deft  Corporation,  with  Safety  Data  Sheets  (SDS)  listing  30  to  60 
percent  polymeric  hexamethylene  diisocyanate  in  the  hardener  (Deft  Inc.,  2011).  While 
not  listed  on  the  SDS,  the  base  may  contain  up  to  1  percent  HDI  monomer.  The  coatings 
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were  mixed  in  a  3: 1  base  to  hardener  ratio  (AFCPCO,  2013).  No  induction  or  dwell  time 
was  required  before  applying  the  coating  and  no  cure  accelerators  were  used. 
Polyurethane  coatings  were  applied  using  HVLP  spray  guns  to  chine  coves  (voids 
adjacent  to  the  floor  in  the  cargo  bay)  as  well  as  the  flight  deck  hatches,  galleys,  and 
latrines.  Painting  was  accomplished  over  3  shifts,  ranging  from  89  to  172  minutes  of 
actual  paint  application.  Two  portable  air  handlers  were  used  to  generate  air  movement 
from  inside  the  aircraft  into  the  hangar.  The  air  handlers  were  fitted  with  filters  to  reduce 
the  amount  of  overspray  exiting  the  aircraft.  All  workers  wore  appropriate  personal 
protection  equipment  including  respiratory  protection. 

2.3.2  ISO-CHEK®  Samplers 

Sample  Collection 

ISO-CHEK®  air  samples  were  collected  according  to  the  manufacturer’s 
recommendations  using  a  SKC  AirChek  2000  air  sampling  pump  calibrated  to  a  flow  rate 
of  1  L  min'1,  with  a  dual-stage  37  mm  polystyrene  cassette  and  a  5  pm  PTFE  membrane 
to  trap  the  aerosol  phase  and  a  GFF  impregnated  with  MAMA  for  the  vapor  phase(SKC 
225-9023 A).  Sampling  media  was  changed  at  15  minute  intervals.  If  the  spray  painting 
operation  was  completed  in  less  time,  then  the  cassette  was  removed  on  completion  and 
actual  collection  time  was  documented.  The  PTFE  filters  were  removed  from  the  cassette 
with  forceps  and  placed  into  a  glass  vial  containing  the  MOPIP  in  toluene  (0.1  mg  ml'1) 
desorbing  solution.  The  vial  was  gently  agitated  to  ensure  the  filter  was  saturated  with 
the  desorbing  solution.  The  cassette  containing  the  GFF  was  recapped  and  wrapped  in 
foil  to  prevent  UV  degradation.  The  cassettes  and  the  vials  containing  the  PTFE  filters 
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were  sealed  and  stored  in  a  cooler  (~4°  C)  and  delivered  to  the  USAFSAM  Industrial 
Hygiene  laboratory  (an  AIHA-accredited  laboratory)  for  analysis. 

HPLC-(PDA)  UV Analysis 

The  USAFSAM  Laboratory  followed  SOP  48-1184,  Analysis  of  Isocyanates  by 
HPLC  Using  the  ISO-CHEK®  Method  in  accordance  with  ASTM  6561-06  for  aerosols 
and  ASTM  6562-12  for  vapors.  Both  the  PTFE  filters  and  the  GFFs  were  analyzed  using 
HPLC  with  photodiode  array  (PDA)  detector  UV  for  HDI  monomer  and  oligomers. 
Readers  are  referred  to  the  ASTM  Standard  Methods  for  additional  details  regarding  the 
analysis  procedures.  All  ISO-CHEK®  samples  were  extracted  within  10  days  of 
collection  in  accordance  with  the  manufacturer’s  recommendations. 

The  ISO-CHEK®  method  does  not  identify  the  types  of  isocyanates  present  based 
on  specific  oligomer  standards.  Instead,  HDI  oligomers  are  identified  by  comparing  a 
diode  array  scan  of  the  associated  monomer  standard  with  a  diode  array  scan  of  the 
samples  to  identify  the  presence  of  oligomer  peaks.  Once  identified,  the  areas  of  these 
peaks  are  summed  and  quantified  using  the  response  factor  of  the  monomer  peak  and  the 
concentration  calculated  using  the  molecular  weight  of  an  NCO  equivalent  (42  g/mol) 
(USAFSAM,  2013). 

2.3.3  ASSET™  Samplers 

Sample  Collection 

ASSET™  air  samples  were  also  collected  according  to  the  manufacturer’s 
recommendations  using  a  denuder  and  GFF  impregnated  with  DBA  (Supelco  5028-U). 
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The  samplers  were  connected  to  a  SKC  AirChek  2000  air  sampling  pump  pre-calibrated 
to  a  flow  rate  of  0.2  L  min'1  using  a  low-flow  adapter.  The  media  was  positioned  in  the 
breathing  zone,  near  the  ISO-CHEK®  cassette.  The  ASSET™  media  was  changed  every 
15  minutes  to  mirror  the  ISO-CHEK®  protocol.  After  sampling,  the  ASSET™  sampler 
was  recapped  and  stored  at  room  temperature  (~25°C)  until  delivered  to  the  Air  Force 
Institute  of  Technology  (AFIT)  Environmental  Laboratory  for  analysis. 

Extraction 

The  AFIT  Laboratory  followed  Supelco  Method  Rev  1.5,  Extraction  and  Analysis 
of  ASSETrM  EZ4-NCO  Sampler  adapted  from  ISO  17734-1.  The  filter  media  from  both 
the  cassette  and  denuder  were  extracted  with  3  ml  of  1  mM  H2SO4  (aq),  3  ml  of 
methanol,  and  5.5  ml  of  toluene  in  a  4  step  procedure  including  shaking,  sonicating,  re¬ 
shaking,  and  centrifuging.  After  the  samples  were  centrifuged,  the  top  toluene  layer  was 
removed  and  placed  in  a  new  test  tube.  An  additional  5.5  ml  of  toluene  was  added  to  the 
original  sample  and  the  extraction  was  repeated.  The  second  toluene  layer  was  added  to 
the  previous  organic  layer  and  evaporated  to  dryness  using  a  nitrogen  evaporator. 

Samples  were  re-dissolved  in  1  ml  of  acetonitrile  prior  to  analysis  (Supelco  Analytical, 
2013). 

HPLC-MS  Analysis 

For  analysis  of  HDI-isocyanate  derivatives,  an  Agilent  Technologies  6130  single 
quadrupole  HPLC-MS  (Agilent  Technologies,  Santa  Clara,  CA)  was  used  in  the 
electrospray  mode.  The  capillary  voltage  was  3.0  kV  and  the  drying  gas  temperature  was 
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260  °C.  Selected  ion  monitoring  was  performed  by  monitoring  positive  ions  (ESP+  m/z  = 
MH+).  Standard  solutions  including  isocyanate-DBA  and  d9-DBA  derivatives  of  HDI 
monomer,  biuret,  dibiuret,  tribiuret,  isocyanurate,  diisocyanurate,  and  triisocyanurate 
were  obtained  from  the  Institutet  For  Kemisk  Analys  (IFKAN,  Norden  AB,  Sweden). 
Concentrations  of  the  individual  components  in  the  chemical  standards  were  determined 
by  IFKAN  using  chemoluminscence  nitrogen  detection  (LC-CLND),  using  caffeine  as  an 
external  standard.  The  individual  components  in  the  standard  solutions  were 
characterized  using  LC-CLND  and  LC-MS. 

The  mass  spectrometer  was  connected  to  a  micro-LC  pump.  On-column  focusing 
was  performed  using  partially  filled  loops  of  4+4  pi  of  50/20/30  water/methanol/ 
acetonitrile.  The  DBA-isocyanate  derivatives  were  analyzed  using  gradient  elution  for  18 
minutes  with  a  mobile  phase  of  acetonitrile-water  containing  0.005  percent  formic  acid. 
The  LC  column  was  an  Ascentis  Express  C18  (5cm  x  2.1mm,  2.7  pm  particles).  For 
identification,  retention  times  of  the  sample  peaks  were  compared  to  the  standards  and 
the  internal  standards.  Quantification  was  accomplished  by  comparing  the  area  ratio  of 
the  sample  peak  and  the  internal  standard  to  the  calibration  plot.  A  “0-sample”  was 
prepared  by  spiking  a  matrix  solution  with  100  pi  of  internal  standard  then  extracting  and 
re-dissolving  the  sample  in  1  ml  acetonitrile  in  an  identical  manner  as  the  field  samples. 
Concentrations  outside  the  calibration  range  were  diluted  using  the  “0-sample”  in 
accordance  with  the  Supelco  method.  The  analytical  parameters  for  the  HPLC-MS  are 
summarized  in  Table  2. 
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Table  2.  HPLC-MS  Method  Parameters 


HPLC 


MS 


Column:  Ascentis  Express 

Length:  5  cm 
Internal  diameter:  2.1  mm 
Particle  diameter:  2.7  jam 
Temperature:  40  °C 

Flow  Rate:  0.4  ml  min"1 


Injection:  2  jaL 

Mobile  Phase:  (A)  0.005%  Formic  Acid  in  5:95  ACN:  H20 
(B)  0.005%  Formic  Acid  in  95:5  ACN:  H20 


Gradient: 


Time 

%A 

%B 

0 

40 

60 

2 

20 

80 

5 

20 

80 

5.1 

0 

100 

15.0 

0 

100 

15.1 

40 

60 

18 

40 

60 

ESF  Spray:  3.0  kV 

Capillary  temperature:  260  °C 
Drying  Gas  Flow:  10  L/min 
Nebulizer  Pressure:  20  psi 


MS 

Scan  time:  0.48  s 

Peak  width:  ±0.5  amu 

SIM 

Analvte 

MW 

SIM  Mass 

HDI-DBA 

426.68 

427.4 

HDI-Biuret-DBA 

865.7 

866.8 

HDI-Isocyanurate-DBA 

892.3 

892.8 

HDI-d9-DBA 

444.68 

445.4 

HDI-Biuret-d9-DBA 

893.3 

893.8 

HDI-Isocyanurate-d9-DBA 

919.3 

919.8 

2.4  RESULTS  AND  DISCUSSION 
2.4.1  Chromatography 

The  single  quadrupole  HPLC-MS  lacked  the  sensitivity  required  to  resolve  the 
internal  standard  peaks  for  the  HDI-Dibiuret-d9-DBA,  HDI-Tribiuret-d9-DBA,  HDI-d9- 
Diisocyanaurate-DBA,  and  HDI-Triisocyanurate-d9-DBA.  These  compounds  were 
removed  from  the  selected  ion  monitoring  (SIM)  to  increase  the  sensitivity  for  the 
remaining  three  compounds  including  HDI-DBA,  HDI-Biuret-DBA,  and  HDI- 
Isocyanurate-DBA.  Extracted  chromatograms  for  HDI,  biuret,  and  isocyanurate  obtained 
during  the  analysis  of  an  ASSET™  field  sample  are  shown  in  Figure  1. 


19 


HDI-lsocyanurate-d5-DBA 
m/z  =919,8 


HDI-lsocyanuirate-DBA 
m/z  =  892.8 


£ 


01 

> 

_re 

oi 

cc 


HDI-Biuret-dg-DBA 
m/z  =  893,8 


HDI-BEuret-DBA 
m/z  =  866.8 


HDI-d9-DBA 

m/z  =  445 A 


HDI-DBA 

m/z  =  427 A 


TIC 


2  4  6  8  10  12  14  16 


Tim  (min) 


Figure  1.  ASSET™  Chromatogram,  5  cm  Ascentis  Express  Column 

Ion  extractions  using  LC/MSD  ChemStation  (Agilent  Technologies,  Santa  Clara, 
CA)  were  performed  during  data  analysis  to  account  for  overlapping  peaks.  Following 
the  ion  extraction,  sharp  peaks  were  present  in  the  resulting  chromatograms  with 
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retention  times  between  2  and  8  minutes.  Stereoisomers  were  present  for  HDI- 
Isocyanurate-d9-DBA  and  quantification  was  based  on  the  main  peak.  Isocyanurate  was 
the  dominant  peak  in  the  field  samples. 


2.4.2  Quantification  and  Recovery 

In  this  study,  the  isocyanate-DBA  derivatives  were  determined  using  HPLC-MS. 
Quantification  was  possible  only  for  the  HDI-DBA,  HDI-Biuret-DBA,  and  HDI- 
Isocyanurate-DBA  derivatives  as  the  quadrupole  HPLC-MS  lacked  the  sensitivity 
required  to  resolve  the  internal  standard  peaks  for  the  HDI-Dibiuret-DBA,  HDI-Tribiuret- 
DBA,  HDI-Diisocyanurate-DBA,  and  HDI-Triisocyanurate-DBA.  The  HDI  Biuret  and 
Isocyanurate  concentrations  were  added  together  and  reported  as  HDI  Oligomers.  One 
tenth,  1/100,  and  1/1000  dilutions  were  required  for  isocyanurate.  The  analytical 
parameters  are  summarized  in  Table  3. 


Table  3.  HPLC-MS  Quantification  Data 


Parameters 

HDI 

Biuret 

Isocyanurate 

Calibration  Correlation  Coefficient 

0.999 

0.9988 

0.9995 

Calibration  Range  (pg) 

0.05-1.4 

0.05-1.4 

0.05-1.4 

Relative  Response  Factor 

1.0 

0.39 

0.15 

CV  O  =  6) 

1.22 

2.46 

1.46 

Recovery 

99.4% 

100.6% 

83.1% 

2.4.2  Statistics 

A  summary  of  the  breathing  zone  concentrations  measured  by  sampler  type  is 
provided  in  Table  4.  The  mean,  range,  and  standard  deviation  are  provided  as  measures 
of  central  tendency. 
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Table  4.  Breathing  Zone  Concentrations  for  HDI  Monomer  and  Oligomers 


HDI  Monomer  (mg/m3) 

HDI  Oligomers  (mg/m3) 

Sampler 

N 

Mean 

Range 

Std  Dev 

No.<LOQ 

Mean 

Range 

Std  Dev 

No.<LOQ 

ASSET™ 

32 

0.04759 

0.0063-0.2670 

0.06 

13 

8.03 

0.01-76.54 

15.7 

7 

ISO- 

CHEK® 

32 

0.01817 

0.0065-0.0522 

0.01 

22 

2.08 

0.02-5.79 

1.91 

9 

Refer  to  Figure  2  and  Figure  3  for  plots  of  the  ASSET™  and  ISO-CHEK®  HDI 
monomer  and  oligomer  matched  pair  concentrations.  The  plots  indicate  the  variance  in 
monomer  and  oligomer  results  is  proportional  to  the  measured  concentration;  the  higher 
the  measured  air  concentration,  the  greater  the  intersampler  variance. 


ASSET  and  Iso-Chek  Matched  Pairs 
HDI  Monomer  Concentrations 


Figure  2.  HDI  Monomer  Concentration  Plot 
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ASSET  and  Iso-Chek  Matched  Pairs 
HDI  Polyisocyanate  Concentrations 


Figure  3.  HPT  Oligomer  Concentration  Plot 

Paired  /-tests  (a=0.05)  were  conducted  using  JMP  9.0  (SAS  Institute  Inc.,  2009) 
to  explore  whether  significant  differences  existed  between  ASSET™  and  ISO-CHEK® 
HDI  monomer  measurements.  Measurements  below  the  limit  of  quantification  (LOQ) 
were  calculated  using  the  LOQ  divided  by  the  square  root  of  2.  The  ASSET™  sampler 
collected  significantly  higher  levels  of  monomers  (mean  difference  =  0.029  mg  m'3,  P  = 
0.002).  It  should  be  noted,  that  68%  (22  out  of  32)  and  40%  (13  out  of  32)  of  ISO- 
CHEK®  and  ASSET™  samples,  respectively,  were  below  the  LOQ  for  HDI  monomer. 
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Paired  /-tests  (a=0.05)  were  also  conducted  to  explore  whether  significant 
differences  existed  between  ASSET™  and  ISO-CHEK®  HDI  oligomer  measurements. 

The  ASSET™  sampler  collected  significantly  higher  levels  of  oligomers  (mean  difference 
=  5.95  mg  m 3,  P  =  0.0358).  It  should  be  noted  that  19  of  32  ASSET™  samplers  required 
dilution  to  fit  on  the  calibration  curve.  The  dilution  protocol  relies  on  a  separately 
prepared  and  extracted  sample  containing  only  the  internal  standard.  Recoveries  of  the 
internal  standard  were  found  to  be  highly  variable  [(Range  10,188-50,213  area  counts), 
(Median:  21,117  area  counts),  (RSD:  51)].  Refer  to  Figure  4  for  a  box  plot  of  the  HDI- 
Isocyanurate-d9-DBA  internal  standard  recovery  variability.  All  samples  were  injected 
with  100  pi  of  the  same  internal  standard  solution  prior  to  analysis.  The  dilution  solution 
was  prepared  in  a  similar  manner  to  the  calibration  samples.  Based  on  Figure  4,  the 
expected  instrument  response  of  the  HDI-isocyanurate-d9-DBA  internal  standard  in  the 
dilution  solution  is  approximately  40,000  area  counts.  However,  the  same  100  pi 
injection  produces  an  instrument  response  as  low  as  10,000  area  counts  in  the  field 
samples.  Because  final  isocyanate  mass  is  determined  based  on  the  HDI-DBA  to  HDI- 
d9-DBA  ratio,  diluting  a  field  sample  having  an  internal  standard  area  count  of  10,000 
with  a  dilution  solution  having  an  internal  standard  area  count  of  40,000  will  bias  results. 
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Variability  of  HDI-lsocyanate-d9-DBA 
Internal  Standard  Response 
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Figure  4.  Variability  of  HDI-Isocyanurate-d9-DBA  Internal  Standard  Response 

The  high  variability  in  the  internal  standard  response  introduces  bias  into  diluted 
sample  results.  This  potential  bias  may  account  for  some  the  intersampler  variance  noted 
for  matched  pairs  above  the  1/10  and  1/100  dilution  lines  in  Figure  3.  When  the 
matched-pairs  are  reduced  to  only  those  ASSET™  samples  that  were  not  diluted  (n  =  13), 
the  paired  /-test  results  indicate  there  is  no  significant  difference  in  the  collection 
efficiency  of  the  ASSET™  and  ISO-CHEK®  samplers  for  HDI  oligomers  (P  =  0.0772). 

2.7  CONCLUSIONS 

The  ASSET™  sampler  collected  significantly  higher  levels  of  HDI  monomers, 
indicating  ISO-CHEK®  samplers  potentially  underestimate  true  monomer  exposures. 
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Because  a  high  percent  of  the  field  samples  required  dilution,  the  variance  in  HDI 
oligomer  concentrations  was  inconclusive.  Additional  research  using  higher 
concentration  calibration  standards,  once  they  are  commercially  available,  is 
recommended  to  confirm  the  relationship  between  the  ASSET™  and  ISO-CHEK®  HDI 
oligomer  collection  efficiencies.  Overall,  the  ASSET™  sampler  presented  as  a  user 
friendly  option  for  industrial  hygienists  in  the  field  worthy  of  additional  research  as  a 
suitable  alternative  to  the  ISO-CHEK®  samplers. 


2.9  REFERENCES 

The  references  used  in  this  article  are  provided  in  the  Reference  section  of  the 
thesis,  reformatted  from  that  required  by  the  Journal  of  Occupational  and  Environmental 
Hygiene  to  match  the  format  adopted  by  this  thesis. 
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III.  CONCLUSIONS 


3.1  CHAPTER  OVERVIEW 

This  chapter  concludes  the  thesis  in  its  entirety,  to  include  a  review  of  the  findings 
of  Chapter  II  as  well  as  conclusions  drawn  from  the  expanded  literature  review  and 
expanded  results  and  discussions  presented  in  Appendices  A  and  B,  respectively. 


3.2  REVIEW  OF  FINDINGS 

3.2.1  Thesis  Question  1:  Analysis  of  HDI  Oligomers  by  HPLC-MS 

The  identification  and  quantification  of  HDI  oligomers  by  HPLC-MS  was 
determined  to  be  possible  for  a  limited  number  of  adducts,  including  biuret  and 
isocyanurate.  The  internal  standard  for  the  higher  molecular  weight  adducts  including 
the  di-  and  tri-  compounds  could  not  be  resolved.  Method  parameters  were  varied  to 
optimize  instrument  response  during  more  than  200  HPLC-MS  analytical  runs  totaling 
more  than  150  hours  of  instrument  run  time. 

Ascentis  Express  Cl  8  Long  Column 

Initially,  a  longer  Ascentis  Express  C18  column  (15  cm  x  4.6  mm,  2.7  pm)  was 
used  to  increase  the  separation  between  the  deuterated  and  undeuterated-DBA-isocyanate 
peaks.  Instrument  run  times  were  extended  up  to  90  minutes  to  allow  all  compounds  to 
elute;  however,  the  HPLC-MS  failed  to  resolve  the  HDI-triisocyanurate-DBA,  HDI- 
triisocyanurate-dci-DBA,  and  the  HDI-tribiuret-dg-DBA.  Additionally,  the  HDI-biuret- 
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DBA  and  HDI-biuret-  d^DBA  peaks  remained  coeluted.  Coelution  was  present  for  the 
triisocyanurate  compounds  as  well. 

During  method  development  using  the  Ascentis  Express  long  column,  various 
adjustments  were  made  to  the  method  including:  1)  flow  rate;  2)  column  temperature;  3) 
injection  volume;  4)  gradient;  5)  mobile  phase;  and  6)  capillary  temperature.  The 
analytical  parameters  that  resulted  in  the  best  separation  and  identification  of  oligomers 
using  the  15  cm  Ascentis  Express  Column  are  presented  in  Table  5.  Other  typical  ion 
formations  were  also  tried  in  addition  to  MH+.  Refer  to  Table  6  and  Table  7  for  a 
complete  list  of  typical  ion  formations  used  in  the  SIM  mode  with  the  Ascentis  Express 
long  column.  Refer  to  Figure  5  for  the  chromatogram  produced  using  the  analytical 
parameters  in  Table  5. 


Table  5.  HPLC-MS  Method  Parameters,  15  cm  Ascentis  Express  Column 


HPLC 

MS 

Column: 

Ascentis  Express 

ESI: 

Spray:  3.0  kV 

Length:  15  cm 

Capillary  temperature:  260  °C 

Internal  diameter:  4.6  mm 

Drying  Gas  Flow:  10  L/min 

Particle  diameter:  2.7  pm 

Nebulizer  Pressure:  20  psi 

Temperature:  20  °C 

SIM 

Analyte 

SIM  Mass 

Flow  Rate: 

1 .0  ml  min'1 

HDI-DBA 

426.7 

Injection: 

2  pL 

HDI-Biuret-DBA 

866.3 

HDI-Isocyanurate-DBA 

892.3 

Mobile  Phase: 

(A)  0.01%  Formic  Acid  in  5:95  ACN:  H20 

HDI-Dibiuret-DBA 

1306.0 

(B)  0.01%  Formic  Acid  in  95:5  ACN:  H20 

HDI-Diisocyanurate-DBA 

1357.9 

HDI-Tribiuret-DBA 

1614.6 

HDI-Triisocyanurate-DBA 

1823.6 

Gradient: 

Time  %A  %B 

HDI-d9-DBA 

444.7 

0  60  40 

HDI-Biuret-d9-DBA 

893.5 

25.0  10  90 

HDI-Isocyanurate-d9-DBA 

919.5 

HDI-Dibiuret-  d9-DBA 

1342.2 

HDI-Diisocyanurate-  d9-DBA 

1394.2 

HDI-Tribiuret-  d9-DBA 

1788.9 

HDI-Triisocyanurate-  d9-DBA 

1868.9 
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Figure  5.  ASSET™  Chromatogram,  15  cm  Ascentis  Express  Column 


ChemStation  software  was  used  to  extract  coeluting  ions  including  dibiuret  and 
diisocyanurate.  However,  when  calibration  curves  were  attempted  using  software  ion 
extraction,  the  coefficient  of  determination  (R  )  for  dibiuret  and  diisocyanurate  were 
suboptimum  (<0.75).  ISO  17734-1  stipulates  an  R2  value  of  >0.98  as  acceptable. 
Although  the  long  column  struggled  to  separate  the  higher  molecular  weight  di-  and  tri¬ 
compounds,  it  did  adequately  identify  and  quantify  HDI,  biuret,  and  isocyanurate 
generating  calibration  curve  R2  values  >0.99.  Instrument  analysis  time  for  the  long 
column  was  45  minutes. 
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External  Standards 


Table  6.  Typical  HDI-DBA  Ion  Formations 


Compound 

Molar  Mass 
(derivative 
g/mol) 

m/z 

Typical  Ion  Formation 

1,6-HDI-DBA 

426.7 

427.5 

[MH]+ 

[M]  + 1 

449.5 

[MNa]+ 

[M]  +  23 

298.4 

[MH-DBA]+ 

[M]  -  129 

130.2 

[DBAH]+ 

156.2 

[DABCOf 

HDI-Biuret-DBA 

866.3 

582 

[MH]+  -  [H2NC6H12NHCONHC6H12NCO] 

[MH]+  -  284 

569 

[MH]+  -  [NCOC6H12NCODBA] 

[MH]+  -  297 

453 

[MH]+-  [DBANCO-CONC6H12NCODBA] 

[MH]+  -  413 

440 

[MH]+  -  [HDIDBA] 

[MH]+  -  426 

414 

[MH]+  -  [H2NC6H12NHCONHC6H12N-CODBA] 

[MH]+  -  452 

311 

[MH]+-  [OCNC6H12NHCONHC6H12NCO] 

[MH]+  -  555 

298 

[MH]+-  [OCNC6H12NCODBAH] 

[MH]+  -  568 

285 

[MH]+-  [H2NC6H12NHCOCHC6H12NCO] 

[MH]+  -  581 

272 

[MH]+  -  [H2NC6H12NCODBAH] 

[MH]+  -  594 

143 

[H2NC6H12NCOH] 

HDI-Dibiuret-DBA 

1306.0 

1307 

[MH]+ 

[M]  +  1 

1329 

[MNa]+ 

[M]  +  23 

1177 

[MH-DBA]+ 

[M]  -  129 

130.2 

[DBAH]+ 

156.2 

[DABCO]+ 

653.82 

[M+2H]/2  (Doubly  Charged) 

HDI-Tribiuret-DBA 

1743.6 

1744.6 

[MH]+ 

[M]  +  1 

1766.6 

[MNa]+ 

[M]  +  23 

1614.6 

[MH-DBA]+ 

[M]  -  129 

130.2 

[DBAH]+ 

156.2 

[DABCO]+ 

873.647 

[M+2H]/2  (Doubly  Charged) 

HDI-lsocyanurate-DBA 

892.3 

893.3 

[MH]+ 

[M]  +  1 

914.3 

[MNa]+ 

[M]  +  23 

634 

[MH]+  -  2DBA 

[M]  -258 

608 

[MH]+  -  [H2NC6H12NHCONHC6H12NCO] 

[M]  -  284 

479 

[MH]+  -  [H2NC6H12NHCONHC6H12NCODBA] 

[M]  -413 

763.3 

[MH-DBA]+ 

[M]  -  129 

HDI-Diisocyanurate- 

DBA 

1357.9 

1358.9 

[MH]+ 

[M]  +  1 

1380.9 

[MNa]+ 

[M]  +  23 

1228.9 

[MH-DBA]+ 

[M]  -  129 

130.2 

[DBAH]+ 

156.2 

[DABCO]+ 

680 

[M+2H]/2  (Doubly  Charged) 

HDI-Triisocyanurate- 

DBA 

1823.6 

1824.6 

[MH]+ 

[M]  +  1 

1846.6 

[MNa]+ 

[M]  +  23 

1694.6 

[MH-DBA]+ 

[M]  -  129 

130.2 

[DBAH]+ 

156.2 

[DABCO]+ 

912.626 

[M+2H]/2  (Doubly  Charged) 
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Table  7.  Typical  HDI-d9-DBA  Ion  Formations 


Compound 

Molar  Mass 
(derivative 
g/mol) 

m/z 

Typical  Ion  Formation 

l,6-HDI-d9-DBA 

444.7 

445.7 

[MH]+ 

[M]  +  1 

467.7 

[MNaf 

[M]  +  23 

315.7 

[MH-DBA]+ 

[M]  - 129 

130.2 

[DBAH]+ 

156.2 

[DABCO]+ 

HDI-Biuret-d9-DBA 

893.5 

894.5 

[MH]+ 

[M]  +  1 

916.5 

[MNaf 

[M]  +  23 

764.5 

[MH-DBA]+ 

[M]  - 129 

130.2 

[DBAH]+ 

156.2 

[DABCO]+ 

HDI-Dibiuret-d9-DBA 

1342.2 

1343.2 

[MH]+ 

[M]  +  1 

1365.2 

[MNa]+ 

[M]  +  23 

1213.2 

[MH-DBA]+ 

[M]  - 129 

672.0 

[M+2H]/2  (Doubly  Charged) 

130.2 

[DBAH]+ 

156.2 

[DABCO]+ 

t/> 

HDI-Tribiuret-d9-DBA 

1788.9 

1789.9 

[MH]+ 

[M]  +  1 

TJ 

to 

1811.9 

[MNa]+ 

[M]  +  23 

~o 

c 

nj 

1659.9 

[MH-DBA]+ 

[M]  - 129 

CO 

895.6 

[M+2H]/2  (Doubly  Charged) 

to 

£ 

130.2 

[DBAH]+ 

CD 

+-» 

156.2 

[DABCO]+ 

— 

HDI-lsocyanurate-d9-DBA 

919.5 

920.5 

[MH]+ 

[M]  +  1 

942.5 

[MNa]+ 

[M]  +  23 

790.5 

[MH-DBA]+ 

[M]  - 129 

130.2 

[DBAH]+ 

156.2 

[DABCO]+ 

HDI-Diisocyanurate-d9-DBA 

1394.2 

1395.2 

[MH]+ 

[M]  +  1 

1417.2 

[MNa]+ 

[M]  +  23 

1265.2 

[MH-DBA]+ 

[M]  - 129 

698.0 

[M+2H]/2  (Doubly  Charged) 

130.2 

[DBAH]+ 

156.2 

[DABCO]+ 

HDI-Triisocyanurate-d9-DBA 

1868.8 

1869.8 

[MH]+ 

[M]  +  1 

1891.8 

[MNa]+ 

[M]  +  23 

1739.8 

[MH-DBA]+ 

[M]  - 129 

935.6 

[M+2H]/2  (Doubly  Charged) 

130.2 

[DBAH]+ 

156.2 

[DABCO]+ 
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Ascentis  Express  Cl  8  Short  Column 

Refer  to  Table  2  in  Chapter  II  for  the  Ascentis  Express  5  cm  method  parameters. 
Similar  to  the  long  column,  the  short  column  was  unable  to  resolve  the  di-  and  tri¬ 
compounds.  The  short  column  method  development  procedures  mirrored  the  long 
column  procedures.  Instrument  parameters  were  adjusted  to  optimize  HDI  oligomer 
detection  and  quantification.  It  was  concluded  that  the  short  column  could  adequately 
identify  and  quantify  HDI,  biuret,  and  isocyanurate  in  the  range  of  0.05  to  1.4  pg  ml"1, 
with  all  compounds  having  calibration  curve  R  values  of  0.999,  0.9988,  and  0.9995 
respectively.  One  tenth,  1/100,  and  1/1000  dilutions  were  required  for  HDI  isocyanurate. 
Bias  introduced  by  these  dilutions  is  discussed  in  paragraph  3.3.5,  but  it  should  be 
emphasized  here  that  quantification  of  HDI  biuret  and  isocyanurate  is  limited  to  the 
calibration  range  tested.  Instrument  analysis  time  for  the  short  column  was  18  minutes. 

3.2.2  Thesis  Question  2:  ASSET™  and  ISO-CHER !®  Monomer  Collection  Efficiency 

Paired  t-tests  (a=0.05)  were  conducted  using  JMP  9.0  (SAS  Institute  Inc.,  2009) 
to  explore  whether  significant  differences  existed  between  the  ASSET™  and  ISO-CHEK® 
monomer  concentrations.  Measurements  below  the  limit  of  quantification  (LOQ)  were 
calculated  using  the  LOQ  divided  by  the  square  root  of  2.  The  ASSET™  sampler 
collected  significantly  higher  levels  of  monomers  (mean  difference  =  0.029  mg  m~3,  P  = 
0.002).  It  should  be  noted  that  22  and  13  ISO-CHEK®  and  ASSET™  samplers 
respectively  were  below  the  LOQ  for  HDI  monomer.  The  single  full  shift  ASSET™ 
sample  measured  an  8  hr  time-weighted  average  (TWA)  monomer  concentration  of 
0.0155  mg  m"3  compared  to  the  corresponding  partial  shift  consecutive  ISO-CHEK® 
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samples  8  hr  TWA  of  0.0072  mg  m'  .  The  percent  difference  in  the  two  methods  was 
36.5.  Refer  to  Figure  6  for  the  monomer  paired  /-test  results  produced  in  JMP. 


I  Difference:  ASSET  Monomer  Concentration- 
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Figure  6.  ASSET™  and  ISO-CHEK®  Monomer  Paired  /-test 


3.2.3  Thesis  Question  3:  ASSET™  and  ISO-CHEK®  Oligomer  Collection  Efficiency 
Paired  /-tests  (a=0.05)  were  also  conducted  to  explore  whether  significant 
differences  existed  between  the  ASSET™  and  ISO-CHEK®  oligomer  concentrations.  The 
ASSET™  sampler  collected  significantly  higher  levels  of  oligomers  (mean  difference  = 
5.95  mg  m '  ,P  =  0.0358).  Refer  to  Figure  7  for  the  paired  t- test  results  produced  in  JMP. 
However,  referring  to  paragraph  3.3.5,  it  should  be  noted  that  19  of  32  ASSET™ 
samplers  required  dilution  to  fit  on  the  calibration  curve.  The  dilutions  are  a  significant 
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source  of  bias  that  is  not  reflected  in  the  paired  /-test  results.  Additional  research  is 
required  to  determine  the  extent  of  the  bias  and  the  impact  on  the  research  findings. 


Difference:  ASSET  Oligomer  Concentration- 
Iso-Chek  Oligomer  Concentration 
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Figure  7.  ASSET™  and  ISO-CHEK®  HDI  Oligomer  Paired  /-test  (n= 32) 


When  the  matched-pairs  are  reduced  to  only  those  ASSET™  samples  that  were 


not  diluted  ( n  =  13),  the  paired  /-test  results  indicate  there  is  no  significant  difference  in 


the  collection  efficiency  of  the  ASSET™  and  ISO-CHEK®  samplers  for  HDI  oligomers 


(P  =  0.0772).  Refer  to  Figure  8  for  the  paired  /-test  results  produced  in  JMP. 
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i  Difference:  IsoChek-ASSET 
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Figure  8.  ASSET™  and  ISO-CHEK®  HDI  Oligomer  Paired  t-test  (n=13) 


One  possible  conclusion  is  that  there  is  truly  no  significant  difference  in  the 


collection  efficiencies.  Alternatively,  one  could  conclude  there  is  no  significant 


difference  at  lower  concentrations  but  a  significant  difference  may  exist  at  higher 


concentrations.  Additional  testing  is  required  to  determine  which  hypothesis  is  correct. 


3.2.4  Thesis  Question  4:  Cost  Analysis 

A  rudimentary  cost  analysis  was  conducted  to  determine  the  fiscal  feasibility  of 
adopting  the  ASSET™  method  at  the  USAFSAM  Industrial  Hygiene  laboratory  in  the 
future.  To  aid  in  the  cost-benefit  determination,  a  summary  of  the  isocyanate  analyses 
conducted  by  the  USAFSAM/OEA  laboratory  was  pulled  from  the  laboratory 
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information  management  system  (LIMS).  Summary  statistics  from  the  LIMS  isocyanate 

data  pull  are  provided  in  Table  8. 

Table  8.  Summary  of  Isocyanate  Analyses  Completed  by  USAFSAM/OEA,  2008-2013 

Summary  Statistic 

Percent  of  Total 

Total  number  of  isocyanate  samples  analyzed 

3748 

Unique  work  orders 

313 

Average  laboratory  turnaround  time 

20  days 

Average  number  of  samples  per  work  order 

12 

Samples  analyzed  by  OSHA  Method  42 

41 

1.1% 

Samples  analyzed  by  ISO-CHEK® 

3707 

98.9% 

Samples  requesting  isocyanates  other  than  HDI 

484 

12.9% 

Samples  requesting  HDI  monomer 

1663 

44.4% 

Samples  requesting  HDI  Oligomers 

1600 

42.7% 

Samples  with  ISO-CHEK®  volumes  >  30  liters 

585 

15.6% 

Samples  with  ISO-CHEK®  flow  rates  >1  1  min'1 

0 

0% 

Samples  below  the  laboratory  reporting  limit 

2859 

76.3% 

A  few  conclusions  can  be  drawn  from  the  summary  statistics:  1)  the  frequency  of 
combined  HDI  monomer  and  oligomer  analyses  (87%  of  total  isocyanate  analyses)  is 
consistent  with  the  relative  abundance  of  HDI  in  industrial  workcenters  (85%);  2)  ISO- 
CHEK®  is  the  predominant  method  used  by  AF  Medical  Service  personnel;  3)  nearly 
16%  of  ISO-CHEK®  samples  may  have  been  improperly  collected  as  sample  volumes 
were  greater  than  the  30  liters  recommended  by  the  manufacturer;  and  4)  a  more  sensitive 
method  with  a  lower  laboratory  reporting  limit  may  aid  in  health  risk  assessments  for 
76%  of  the  samples  analyzed  by  the  laboratory. 
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For  the  cost  analysis,  the  following  assumptions  were  made  to  aid  in  determining 

costs: 

(1)  The  average  ISO-CHEK®  work  order  consists  of  5  field  samples  and  1  field  blank 

(2)  All  5  field  samples  are  collected  from  1  employee  during  a  single  shift 

(3)  The  projected  ASSET™  work  order  will  consist  of  1  full-shift  field  sample  and  1 

blank 

(3)  Sixty-two  work  orders  are  processed  each  year,  or  1 .2  per  week 

(4)  Monomeric  and  oligomeric  fractions  are  requested  for  each  sample 

(5)  Laboratory  chemical  supplies  are  purchased  in  bulk,  enough  to  last  1-5  years 

If  the  ASSET™  sampling  method  was  adopted  by  USAFSAM,  there  would  likely 
be  a  corresponding  increase  in  sampling  frequency  due  to  the  relative  ease  of  sample 
collection  compared  to  ISO-CHEK®.  However,  this  increase  cannot  be  quantified  and 
therefore  is  not  included  in  the  cost  analysis.  Additionally,  no  attempt  was  made  to 
quantify  laboratory  man-hours.  The  ASSET™  method  is  in  its  infancy  and  inter¬ 
technician  sample  preparation  time  likely  remains  highly  variable  until  the  method  is 
established.  It  should  be  noted  that  the  double  extraction  required  for  the  ASSET™ 
method  is  time  intensive;  this  additional  workload  has  not  been  captured  in  the  cost 
analysis.  Also  the  cost  of  nitrogen  gas  supply  was  not  included  as  it  was  deemed 
negligible  and  equivalent  for  both  methods.  Lastly,  no  cost  was  associated  with  the 
Agilent  1200  Series  HPLC-UV  and  Zorbax  Eclipse  XDB  C18  column  required  for  ISO- 
CHEK®  analysis  as  these  pieces  of  equipment  were  assumed  to  be  in  place  and  currently 
used  for  routine  analyses. 
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Refer  to  Table  9  for  the  1  and  5-year  cost  for  continuing  ISO-CHEK®  sampling  in 


the  US  Air  Force.  All  prices  were  first  obtained  from  government  contract  suppliers 
listed  on  the  General  Services  Administration  (GSA)  Advantage  website.  Manufacturer’s 
pricing  was  used  when  GSA  pricing  was  not  available. 


Table  9.  ISO-CHEK®  Cost  Analysis 


1  and  5  Year  ISO-CHEK’ 

Cost  Analysis 

Number  of  Samples  Analyzed  Per  Year 

QC  Samples  (Cal  Stds  &  Media  Spikes) 

Number  of  Samples  Analyzed  in  Next  5  Years 

372 

148* 

1860 

*lncludes  2  media  spikes/workorder  and  4  calibration  curves/yr 

Sample  Collection 

Price 

Unit 

Price/Sample 

Cost/Year 

Cost/5  Yr 

Source 

ISO-CHEK"  Cassette 

$231.00 

10/pk 

$23.10 

$8,593 

$42,966 

SKC 

Foil  for  cassettes 

$8.30 

500/shts 

$0.02 

$6 

$31 

SKC 

Laboratory  Chemicals 

Price 

Unit 

Required/Yr 

Cost/Yr 

Cost/5  Yr 

Source 

Acetonitrile,  HPLC  grade 

$95.91 

4  L 

5  L 

$120 

$599 

GSA 

Acetic  acid,  glacial,  HPLC  grade 

$59.41 

2.5  L 

as  needed 

$12 

$59 

GSA 

Acetic  anhydride,  ACS  certified  grade 

$23.61 

100  mL 

5  mL 

$5 

$24 

GSA 

ASTM  Type  II  Water,  or  better 

$42.74 

20  L 

50  L 

$107 

$534 

GSA 

1,6-HDI  Neat 

$266.50 

lg 

10  pi 

$53 

$267 

SKC 

Isocyanate-MAMA  derivative  solution  in  DMF 

$64.95 

lg 

5  ml 

$13 

$65 

SKC 

MOPIP,  98%  chemical  purity 

$32.40 

5g 

160  mg 

$6 

$32 

Sigma-Aldrich 

N,N-dimethylformamide,  reagent  grade 

$54.23 

500  mL 

800  ml 

$87 

$434 

GSA 

Phosphoric  acid,  ACS  reagent  grade 

$38.07 

1  L 

as  needed 

$8 

$38 

GSA 

Sodium  Acetate,  ACS  certified  grade 

$184.50 

500  g 

12.5  g 

$5 

$185 

FisherSci 

Triethylamine,  98%  chemical  purity 

$81.95 

1  L 

1  L 

$82 

$410 

GSA 

Toluene,  HPLC  grade 

$51.02 

4  L 

2  L 

$26 

$128 

GSA 

Laboratory  Equipment 

Price 

Unit 

Required/Yr 

Cost/Yr 

Cost/5  Yr 

Source 

0.45  pm  PTFE  syringe  filter 

$137.50 

100/pk 

768 

$1,056 

$5,280 

GSA 

2  ml  amber  glass  autosampler  vials 

$12.95 

100/pk 

892 

$116 

$578 

GSA 

PTFE  crimp  top  closures 

$12.49 

100/pk 

892 

$111 

$557 

GSA 

Disposable  plastic  pipettes 

$10.79 

500/p k 

892 

$19 

$96 

GSA 

Disposable  plastic  5  ml  syringes 

$18.22 

100/pk 

892 

$163 

$813 

GSA 

Screw-cap  16  x  125  mm  test  tubes  w/PTFE  caps 

$469.03 

288/pk 

520 

$847 

$4,234 

GSA 

Glass  fiber  filters,  37  mm,  1.0  pm 

$78.75 

100/pk 

124 

$98 

$488 

SKC 

PTFE  filter,  37  mm,  5.0  pm 

$147.00 

50/pk 

124 

$365 

$1,823 

SKC 

Candle  Jars 

$88.01 

43/pk 

520 

$1,064 

$5,322 

GSA 

Total 

$12,960 

$64,962 
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Equipment  required  for  ASSET™  sample  preparation  and  analysis  was  assumed  to 
be  owned  by  USAFSAM  and  included  a  nitrogen  evaporator,  shaker,  ultrasonic  bath,  and 
centrifuge.  The  initial  purchase  of  this  equipment  was  not  included  in  the  cost  analysis. 
The  research  in  this  thesis  was  based  on  the  use  of  HPLC-MS  since  it  was  the  instrument 
available  in  the  AFIT  laboratory;  however,  for  costs  comparisons  the  purchase  price  of  an 
HPLC-MS/MS  should  be  considered  (~$240K,  Agilent).  Tandem  MS  has  proven  to 
provide  better  analytical  results  for  isocyanates,  and  thus  is  assumed  to  be  the  preferred 
instrument  for  new  purchase.  An  Ascentis  Express  5  cm  Cl 8  column  must  be  purchased 
as  well  ($585,  Supelco).  Refer  to  Table  10  for  the  1  and  5-year  cost  for  performing 
ASSET™  analysis  in  the  USAFSAM/OEA  analytical  laboratory.  All  prices  were  first 
obtained  from  government  contract  suppliers  listed  on  the  General  Services 
Administration  (GSA)  Advantage  website.  Manufacturer’s  pricing  was  used  when  GSA 
pricing  was  not  available. 

The  yearly  cost  for  ASSET™  analysis  is  $6.3  K  compared  to  $13.0  K  for  ISO- 
CHEK®  analysis,  resulting  in  a  50  percent  reduction  in  isocyanate  analytical  costs. 
Comparing  the  5  year  cost,  ISO-CHEK®  is  $32K  more  expensive.  Based  on  the  cost 
savings,  the  ASSET™  sampler  would  recoup  the  cost  of  purchasing  a  new  HPLC-MS/MS 
in  7.5  years. 
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Table  10.  ASSET™  Cost  Analysis 


ASSET™ 

1  and  5  Year  Cost  Analysis 

Number  of  Samples  Analyzed  Per  Year 

Associated  QC  Samples  ((Cal  Stds  &  Media  Spikes) 

Number  of  Samples  Analyzed  in  Next  5  Years 

124 

148* 

620 

Includes  2  media  spikes/workorder  and  4  calibration  curves/yr 

Sample  Collection 

Price 

Unit 

Price/Sample 

Cost/Year 

Cost/5  Yr 

Source 

ASSET™  Sampler 

$427.50 

10/pk 

$42.75 

$5,301 

$26,505 

Sigma-Aldrich 

Laboratory  Chemicals 

Price 

Unit 

Required/Yr 

Cost/Yr 

Cost/5  Yr 

Source 

HDI-DBA  Oligomer  Standard 

$60.00 

1  mL 

1  mL 

$60 

$300 

Sigma-Aldrich 

HDI-DBA-d9  Oligomer  Standard 

$60.00 

1  mL 

3  mL 

$180 

$900 

Sigma-Aldrich 

Dibutylamine 

$39.04 

500  mL 

100  mL 

$8 

$39 

GSA 

Acetic  Acid 

$59.41 

2.5  L 

36  mL 

$12 

$59 

GSA 

Sulfuric  Acid 

$18.27 

1  L 

50  mL 

$4 

$18 

GSA 

Acetonitrile 

$95.91 

4  L 

2  L 

$48 

$240 

GSA 

Methanol 

$34.81 

4  L 

2  L 

$17 

$87 

GSA 

Toluene,  HPLC  grade 

$51.02 

4  L 

3  L 

$38 

$191 

GSA 

Formic  Acid 

$61.93 

100  mL 

26  mL 

$3 

$16 

GSA 

HPLC  Grade  Water 

$30.42 

4  L 

500  mL 

$4 

$19 

GSA 

Laboratory  Equipment 

Price 

Unit 

Required/Yr 

Cost/Yr 

Cost/5  Yr 

Source 

2  ml  amber  glass  autosampler  vials 

$12.95 

100/pk 

272 

$35 

$176 

GSA 

PTFE  crimp  top  closures 

$12.49 

100/pk 

272 

$34 

$170 

GSA 

Pasteur  Pipets 

$55.00 

1440/ea 

272 

$10 

$52 

GSA 

Disposable  plastic  5  ml  syringes 

15  mL  Round  bottom  centrifuge  tube  w/cap  and  PTFE 

$18.22 

100/pk 

272 

$50 

$248 

GSA 

liners 

$124.55 

500/pk 

272 

$68 

$339 

GSA 

Screw-cap  16  x  125  mm  test  tubes  w/PTFE  caps 

$469.03 

288/pk 

272 

$443 

$2,215 

GSA 

Glass  fiber  filters,  37  mm,  1.0  pm 

$78.75 

100/pk 

124 

$98 

$488 

Sigma-Aldrich 

Total 

$6,315 

$32,062 

3.3  LIMITATIONS 

Several  limitations  were  identified  during  the  analysis  of  the  ASSET™  samplers 
with  potential  impact  on  the  research  findings.  This  study  was  limited  to  the  application 
of  two-part  polyurethane  gloss  white  paint  manufactured  by  Deft  Corporation  using  a 
HYLP  spray  gun.  The  field  evaluation  does  not  account  for  isocyanates  other  than  HDI, 
HDI  biuret,  and  HDI  isocyanurate  and  is  limited  to  the  spray  painting  process  sampled. 

A  total  of  43  HDI  paired  samples  were  collected.  The  initial  study  design  included  an 
additional  aim  to  evaluate  inter-laboratory  variability  of  analytical  results  by  sending  4  of 
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the  paired  ASSET™  samples  to  a  secondary  laboratory;  however,  this  aim  was  abandoned 
when  an  issue  was  identified  during  extraction  at  the  second  laboratory.  There  was  an 
issue  analyzing  the  internal  standard  for  an  additional  7  samples  at  the  primary  lab. 
Therefore,  the  total  number  of  paired  samples  analyzed  was  32.  Additional  details 
regarding  the  research  limitations  are  discussed  in  the  following  paragraphs. 

3.3.1  Inter-laboratory  Validation 

Samples  sent  to  Bureau  Veritas  North  America  (BVNA)  aimed  at  testing  inter¬ 
laboratory  variability  were  lost  due  to  error  during  extraction.  The  analytical  quality 
control  samples  associated  with  the  field  samples  sent  to  BVNA  yielded  recoveries 
ranging  from  4  to  83  percent.  Recoveries  were  much  lower  than  expected;  historically 
recoveries  ranged  80  to  95  percent. 

Subsequent  studies  performed  by  BVNA  concluded  the  low  recoveries  were  most 
likely  due  to  the  length  of  time  the  samples  were  allowed  to  remain  in  the  desorbing 
solvent  prior  to  full  extraction  (in  this  case,  2  days).  In  BVNA’s  opinion,  allowing  the 
samples  to  remain  in  the  acidic  desorbing  solvent  changed  the  chemistry  of  the  analytes 
in  solution.  Due  to  the  low  and  inconsistent  recoveries,  all  analytical  results  received 
from  BVNA  may  only  be  viewed  qualitatively.  Six  additional  samples  extracted  by 
AFIT  were  sent  to  BVNA  for  analysis;  analysis  is  still  pending.  A  full  inter-laboratory 
comparison  to  include  extraction  is  not  possible;  however,  once  results  are  received  for 
the  second  set  of  samples  a  limited  comparison  may  be  made. 
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3.3.2  HPLC-MS  Sensitivity 

The  single  quadrupole  HPLC-MS  used  by  AFIT  was  not  sensitive  enough  to 
resolve  the  di-  and  tri-  deuterated  internal  standard  compounds.  Oligomer  quantification 
was  based  on  2  of  the  6  oligomers  available  in  the  standard.  A  review  of  the  BVNA 
qualitative  results  indicate  the  di-  and  tri-  compounds  may  account  for  13  to  37  percent  of 
the  total  oligomer  concentration.  Thus,  HDI  oligomer  measurements  may  be 
underestimated  by  as  much  as  37  percent  using  the  ASSET™  method  described  in  this 
research. 

3.3.3  Sample  Stability  Testing 

ASSET™  samples  were  extracted  62  days  post  sampling.  No  research  has 
reported  recoveries  past  30  days.  A  study  is  currently  underway  at  AFIT  to  test  sample 
stability  on  the  filter  at  30,  60,  and  90  days  post  collection.  Results  will  not  be  available 
until  March  2014. 

3.3.4  Peak  Separation 

True  peak  separation  was  not  achieved  on  the  HPLC-MS.  Coelution  was 
witnessed  for  internal  and  external  standards  for  all  three  compounds.  Quantification  was 
dependant  on  ChemStation  software  for  ion  extraction.  It  is  hypothesized  that  the  lack  of 
HPLC-MS  sensitivity  may  be  due  to  instrument  configuration,  to  include  the  length  of 
tubing  from  the  pump  to  the  injection  valve,  from  the  injection  valve  to  the  column,  and 
from  the  column  to  the  MS. 
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3.3.5  Dilutions 


The  calibration  range  was  limited  due  to  the  concentrations  of  available  analytical 
standards.  External  and  internal  standards  were  prepared  by  IFKAN  with  functional 
concentrations  of  10  pg  ml"1  with  respect  to  the  DBA  and  DBA-d9  isocyanate  derivatives. 
Calibration  curves  were  established  with  a  range  of  0.05  to  1.4  pg  ml"1  and  dilutions  were 
performed  in  accordance  with  the  ASSET™  protocol.  However,  the  dilution  protocol 
relies  on  a  separately  prepared  and  extracted  sample  containing  only  the  internal 
standard.  Recoveries  of  the  internal  standard  were  found  to  be  highly  variable  [(Range 
10,188-50,213  area  counts),  (Median:  21,117  area  counts),  (RSD:  51)].  The  high 
variability  in  the  internal  standard  extraction  introduces  bias  into  diluted  sample  results. 
For  this  study,  19  of  32  ASSET™  samples  were  diluted.  It  is  important  to  note  that  as  of 
January  2014,  Sigma- Aldrich  Co.  LLC  has  made  available  HDI  oligomer  and  monomer 
standards  with  higher  concentrations  (-200-300  pg  ml'1)  that  would  address  this 
limitation. 

3.3. 6  Flow  Rate  Differences 

An  additional  aim  of  this  research  was  to  compare  a  full  shift  ASSET™  sampler 
with  the  partial  shift  ASSET™  sample  and  partial  shift  ISO-CHEK®.  To  accomplish 
this,  two  ASSET™  samplers  were  connected  to  a  single  SKC  AirChek  2000  air  sampling 
pump  using  a  wye-connection  during  4  of  the  6  shifts  sampled.  The  air  sampling  pump 
was  pre-calibrated  to  a  flow  rate  of  0.2  1  min"1  through  each  of  the  two  ASSET™ 
samplers  using  low- flow  adapters  connected  in  series  to  two  Bios  DryCal  Defender  510 
Primary  Flow  calibrators.  Post-calibration  of  the  sampling  pumps  reported  flow  rate 
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percent  differences  of  5.3  to  10.6  percent,  significantly  greater  than  the  recommended  5 
percent  for  acceptability.  The  wye-connector  was  relocated  after  the  first  shift  in  an 
attempt  to  correct  the  flow  rate  differences;  however,  pre-  and  post-calibration  values 
remained  high  after  the  second  shift.  For  the  third  shift,  the  wye-connector  was  removed 
and  a  single  ASSET™  sample  was  connected  to  the  SKC  AirChek  2000  pump.  Flow  rate 
differences  (3.5  and  1.4  percent)  were  below  5  percent  and  the  issue  was  resolved.  Refer 
to  Table  11  for  a  comparison  of  per-  and  post-sampling  flow  rates.  It  appears  the 
ASSET™  sampler  struggled  to  maintain  a  balanced  flow  in  the  two  branches  following 
the  wye-connection.  The  percent  difference  in  each  individual  branch  varied 
significantly  pre-  and  post-sampling;  however,  the  combined  flow  in  both  branches 
appeared  more  stable  and  closer  to  the  5  percent  criterion.  Twenty-one  of  the  32  samples 
used  in  the  paired  /-test  were  collected  using  the  wye-connection  and  had  pre-  and  post 
sampling  flow  rate  differences  greater  than  5  percent. 

Table  11.  ASSET™  Sampler  Pre-  and  Post-Sampling  Flow  Rates 


Pump 

Pump 

Sample 

Pre-Calibration 

Post-Sampling 

Percent 

S/N 

(1  min'1) 

(1  min'1) 

Difference 

Day  1,  Worker  1 

08575 

Full  Shift  Sampler 

0.20019 

0.22464 

11.5 

Partial  Shift  Sampler 

0.20222 

0.. 18264 

-10.2 

Combined  Flow 

0.4024 

0.4073 

1.2 

Day  1,  Worker  2 

08584 

Full  Shift  Sampler 

0.20058 

0.18934 

-5.8 

Partial  Shift  Sampler 

0.20122 

0.19086 

-5.3 

Combined  Flow 

0.4018 

0.3802 

-5.5 

Day  2,  Worker  1 

08584 

Full  Shift  Sampler 

0.20707 

0.23783 

13.8 

Partial  Shift  Sampler 

0.19577 

0.18317 

-6.7 

Combined  Flow 

0.4028 

0.4210 

4.4 

Day  2,  Worker  2 

08575 

Full  Shift  Sampler 

0.20383 

0.20148 

-1.2 

Partial  Shift  Sampler 

0.20936 

0.18834 

-10.6 

Combined  Flow 

0.4132 

0.3898 

-5.8 
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3.4  SIGNIFICANCE  OF  FINDINGS 


Research  findings  indicate  ASSET™  samplers  have  the  potential  to  collect  a 
statistically  significant  higher  level  of  HDI  monomer  and  oligomers.  Additional  research 
is  required  to  fully  test  the  adequacy  of  the  sampling  apparatus  and  analytical  method  to 
determine  if  it  is  a  suitable  substitute  for  the  ISO-CHEK®  method  when  determining 
employee  breathing  zone  concentrations  during  US  Air  Force  industrial  operations.  This 
research  also  indicates  isocyanate  exposures  may  be  underestimated  using  the  ISO- 
CHEK®  protocol.  The  ASSET™  sampler,  if  adopted  by  the  USAF  following  additional 
research,  may  provide  a  better  field  solution  for  industrial  hygiene  personnel  to  help 
ensure  compliance  and  protection  of  worker  health  while  using  isocyanate-based 
corrosion  control  materials. 


3.5  FUTURE  RESEARCH 

Robust  testing  of  the  ASSET™  sampler  specifically  for  collection  and  analysis  of 
HDI  oligomers  is  required.  Future  research  should  address  the  limitations  identified  in 
this  study  as  well  as  the  testing  requirements  recommended  in  the  NIOSH  Technical 
Report,  Guidelines  for  Air  Sampling  and  Analytical  Method  Development  and  Evaluation 
to  include: 

■  Air  sampler  capacity 

■  Air  sampler  performance  under  varying  environmental  parameters 

■  Sample  stability  (currently  underway  as  an  extension  of  this  research) 

■  Precision,  bias,  and  accuracy  (NIOSH,  1995) 
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Future  research  efforts  may  also  expand  ASSET™  evaluation  to  include  the 
second  most  common  isocyanate  used  in  the  US  Air  Force,  methylene  bisphenyl 
diisocyanate  (MDI).  MDI  accounts  for  nearly  10  percent  of  the  remaining  isocyanate 
usage  after  HDI  (85%)  in  the  US  Air  Force.  Additional  research  may  be  expanded  to 
include  the  use  of  an  HPFC/MS-MS  using  multiple  reaction  monitoring  (MRM) 
detection.  Fastly,  if  the  limitations  previously  identified  are  addressed,  repetition  of  this 
research  would  be  beneficial  and  may  increase  confidence  in  study  findings. 
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APPENDIX  A.  EXPANDED  LITERATURE  REVIEW 


This  expanded  literature  review  provides  additional  background  information 
illustrating  the  significance  of  the  problem  statement  and  objectives  of  this  thesis.  A 
summary  of  the  toxicology  studies  constituting  the  current  body  of  knowledge  of 
exposures  to  isocyanates  is  included.  Additionally,  current  occupational  exposure  limits 
and  their  basis  are  discussed. 


A.l  TOXICOLOGY 

Monomeric  HDI  has  a  high  vapor  pressure  causing  it  to  vaporize  quickly  at  room 
temperature  leading  to  inhalation  and  dermal  risks  to  industrial  workers.  Monomeric 
HDI,  like  oligomeric  HDI,  can  cause  local  irritation  to  the  nasal  and  respiratory  tract. 
Asthma-like  conditions  can  be  induced  in  sensitized  people  at  extremely  low 
concentrations,  as  low  as  0.2  ppb.  Monomeric  HDI  also  produces  clinical  signs  of 
respiratory  toxicity  that  are  similar  to  other  diisocyanates  (e.g.  toluene  diisocyanate, 
TDI).  At  concentrations  greater  than  0.6  ppb,  exposure  effects  can  include  irritation  of 
the  nose,  throat,  and  mucous  membranes  of  the  lungs  as  well  as  cough,  laryngitis, 
bronchitis,  tightness  of  the  chest,  hoarseness,  pulmonary  edema,  and  emphysema.  Other 
clinical  signs  may  include  more  vague  symptoms,  such  as  headache  and  fatigue  (Abadin 
and  Spoo,  1998). 

HDI  oligomers,  specifically  HDI  biuret  and  trimer,  can  induce  respiratory  and 
immunological  reactions  similar  to  HDI  monomer  in  both  humans  and  animals.  Unlike 
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monomeric  HDI,  polymeric  forms  typically  have  a  very  low  vapor  pressure,  making 
vaporization  at  room  temperature  unlikely.  Polymeric  HDI  exposures  occur  when  the 
paint/hardener  combination  is  ejected  from  the  spray  nozzle  onto  the  painted  surface. 
Current  HVLP  technology  has  transfer  efficiency  between  60  to  85  percent,  leaving  the 
remaining  droplets  to  be  captured  by  the  airflow  around  the  surface.  During  the  spraying 
process,  aerosol  droplets  of  polymeric  HDI  suspended  in  the  surrounding  air  are  breathed 
in  by  or  lands  on  the  skin  of  the  exposed  worker  (NIOSH,  1996). 

A.  1.2  Health  Effects  by  System 

The  actual  data  on  specific  organ  and  system  effects  of  HDI  are  limited.  HDI  is 
toxic  by  all  routes  of  exposure,  although  inhalation  is  the  most  common  form  of  exposure 
in  the  aerospace  and  defense  industry.  Most  diisocyanates  have  not  been  extensively 
tested  for  carcinogenic  potential,  including  HDI.  One  report  found  HDI  was  not 
carcinogenic  by  inhalation  after  a  two  year  repeated  dose  study  in  rats  (Abadin  and  Spoo, 
1998).  HDI  is  not  a  known  mutagen  or  teratogen  (EPA,  2012).  Several  studies  have 
reported  respiratory  irritation,  including  burning  and  irritation  to  the  nasal  tract,  throat, 
and  chest  after  inhalation  exposure.  The  exact  mechanism  of  action  for  producing 
irritation  is  unknown,  but  is  likely  related  to  their  high  reactivity  with  biological  macro¬ 
molecules  and  various  body  proteins.  Most  isocyanates  are  also  considered  to  be 
potential  respiratory  tract  sensitizers.  The  mechanisms  involving  sensitization  are  also 
unknown  (Abadin  and  Spoo,  1998). 

The  main  organ  system  affected  by  HDI  is  the  respiratory  system.  Exposure  may 
lead  to  hypersensitivity  reactions  and  irritations.  Four  specific  effects  to  respiratory 
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health  have  been  identified:  occupational  asthma  with  a  latency  period,  occupational 
asthma  without  a  latency  period  (irritant-induced  asthma  and  reactive  airway  dysfunction 
syndrome  (RADS)),  hypersensitivity  pneumonitis  or  extrinsic  allergic  alveolitis,  and 
chronic  obstructive  pulmonary  disease  (COPD).  Most  literature  focuses  on  the  first  two 
diseases  related  to  occupational  asthma  as  the  main  health  effect  related  to  HDI  exposure; 
isocyanates  as  a  group  are  reported  as  the  number  one  cause  of  occupational  asthma 
(Nordic  Council  of  Ministers,  2001).  Concentration  dependent  effects  occur,  often  after  a 
delay  of  4  to  8  hours  and  may  persist  for  3  to  7  days.  High-concentration  inhalation  can 
lead  to  chest  tightness,  cough,  breathlessness,  wheezing,  and  inflammation  of  the  bronchi 
and  sputum  production.  Accumulation  of  fluid  in  the  lungs  can  also  occur.  Previously 
exposed  personnel  may  develop  inflammation  of  the  lungs  when  re-exposed  to  extremely 
low  levels  of  HDI.  Flu- like  symptoms  such  as  fever,  malaise,  shortness  of  breath,  and 
cough  can  develop  4  to  6  hours  after  exposure  and  persist  for  12  hours  or  longer.  In 
sensitized  individuals,  asthmatic  attacks  can  occur  after  exposure  to  extremely  low  HDI 
concentrations.  Asthmatic  reactions  can  be  immediate,  delayed,  or  both.  Exposure  to 
HDI  can  lead  to  Reactive  Airway  Dysfunction  Syndrome  (RADS),  a  chemically,  or 
irritant-induced  type  of  asthma. 

While  isocyanates  mainly  impact  respiratory  system  function,  additional  effects 
have  been  documented  in  other  organ  systems.  Acute  exposure  to  high  levels  of  HDI 
vapor  has  been  linked  to  central  nervous  system  effects  including  lightheadedness, 
headache,  insomnia,  mental  aberrations,  impaired  gait,  loss  of  consciousness,  and  coma. 
As  mentioned  previously,  HDI  is  a  dermal  hazard  causing  severe  skin  irritation.  Skin 
contact  may  also  result  in  respiratory  sensitization.  HDI  is  an  ocular  hazard;  exposure 
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can  cause  eye  irritation,  inflammation  of  the  eye  membrane,  inflammation  of  the  cornea, 
clouding  of  the  eye  surface,  and  secondary  glaucoma.  HDI  exposure  can  affect  the 
blood,  leading  to  mild  leucocytosis  without  eosinophilia.  The  bone  marrow  does  not 
appear  to  be  affected.  Animal  studies  indicate  the  gastrointestinal  tract  is  not  a  target 
organ  system  for  HDI  toxicity.  No  effects  have  been  reported  for  the  liver,  kidney,  or  the 
reproductive  systems  (Abadin  and  Spoo,  1998). 

A.  1.3  Health  Effects  by  Route  of  Exposure  -  Inhalation 

When  inhaled,  HDI  binds  to  human  tissues,  proteins,  and  DNA  forming  toxic 
adducts  and  metabolites.  The  inhalation  reference  concentration  (RfC)  for  HDI  is  0.01 
pg  m‘  based  on  the  degeneration  of  olfactory  epithelium  in  rats.  The  RfC  is  an  estimate 
of  a  continuous  inhalation  exposure  to  the  human  population  that  is  likely  to  be  without 
appreciable  risk  of  deleterious  noncancer  effects  during  a  lifetime  (EPA,  2007).  Acute 
animal  tests  in  rats  have  shown  HDI  to  have  extreme  acute  toxicity  from  inhalation 
exposure.  No  studies  were  located  regarding  death  in  humans  after  acute  inhalation 
exposure  to  HDI.  Several  reports  of  death  after  inhalation  exposures  of  acute-duration  in 
laboratory  animals  have  been  recorded  by  the  Agency  for  Toxic  Substance  and  Disease 
Registry  (Abadin  and  Spoo,  1998).  In  addition  to  acute  toxicity,  epidemiological  studies 
have  suggested  that  chronic  exposure  to  HDI  may  cause  chronic  lung  problems.  Animal 
studies  have  reported  effects  on  nasal  tissue,  reparatory  tract,  and  lungs  from  chronic 
inhalation  of  HDI  (EPA,  2007).  A  brief  summary  of  the  lethal  doses  (LD50),  No- 
Observed- Adverse-Reaction  Level  (NOAEL),  and  the  Lowest-Observed- Adverse- 
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Reaction  Level  (LOAEL)  for  both  acute  and  chronic  inhalation  studies  are  listed  in  Table 
12  for  various  animals  and  exposure  durations. 

Table  12.  Levels  of  Significant  Exposure  to  HDI  -  Inhalation 

(Abadin  and  Spoo,  1998) 


Species 

Exposure 

Duration 

NOAEL 

LOAEL 

LD50 

Acute  Exposures 

Rats 

6  hr 

4-8  hr 

5  ppm 

3  ppm 

1 1  ppm 

44  ppm 

Guinea  Pig 

2-6  hr 

0.5  ppm 

1.8  ppm 

4  ppm 

Human 

5  min 

- 

0.02  ppm 

- 

Chronic  Exposures 

Human 

7  yrs 

- 

0.0001  ppm 

- 

Rat 

1  and  2  yrs 

5  d/wk,  6  hr/d 

0.175  ppm 

0.175  ppm 

- 

A.  1.4  Health  Effects  by  Route  of  Exposure  -  Dermal 

Dermal  exposure  due  to  HDI  may  occur  by  immersion,  surface  contact, 
deposition  of  aerosol,  or  by  the  uptake  of  vapor  through  the  skin  and  may  constitute  an 
important  route  of  exposure  (Abadin  and  Spoo,  1998).  Acute  dermal  exposure  to 
isocyanates  has  been  linked  to  allergic  contact  dermatitis  in  humans  and  respiratory 
sensitization  in  animals.  Chronic  dermal  exposure  has  resulted  in  skin  irritation  and 
sensitization  in  guinea  pigs,  rabbits,  and  mice.  Although  dermal  absorption  is  thought  to 
be  slow,  HDI  reacts  with  the  skin  proteins  to  produce  a  tanning  effect  (EPA,  2007). 
Levels  of  significant  dermal  exposure  as  recorded  by  the  ATSDR  are  summarized  in 
Table  13. 
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Table  13.  Levels  of  Significant  Exposure  to  HDI  -  Dermal 

(Abadin  and  Spoo,  1998) 


Species 

Exposure 

Duration 

NOAEL 

LOAEL 

ld50 

Acute  Exposures 

Mouse 

Once 

- 

0.2  mg/kg 

2800  mg/kg 

Guinea  Pig 

Once 

0.01% 

0.1% 

- 

Intermediate  Exposures 

Guinea  Pig 

3  wk,  9  x 

0.05% 

0.5% 

- 

A.2  TOXICOKINETICS 

The  mechanisms  for  the  development  of  HDI  induced  asthma  have  not  yet  been 
elucidated,  but  it  seems  that  different  immunological,  irritative  and  toxic  mechanisms  are 
involved  (Raulf-Heimsoth  and  Baur  1998).  Since  the  toxicokinetics  of  HDI  are 
unknown,  some  researchers  have  turned  to  similar  studies  for  Toluene  Diisocyanate 
(TDI)  as  a  surrogate  model  for  HDI  (von  Burg,  1993).  Controversy  remains  regarding 
the  toxicokinetic  similarity  of  the  two  isocyanates;  however,  in  the  absence  of  HDI 
literature  some  of  the  following  toxicokinetic  discussion  has  been  extrapolated  from 
exposures  to  TDI. 

A.  2.1  Absorption 

Little  information  is  available  in  the  literature  on  the  absorption  of  HDI  after 
inhalation,  oral,  or  dermal  exposure.  Referencing  TDI,  animal  inhalation  studies 
demonstrated  TDI  is  mainly  absorbed  in  the  central  respiratory  passages  and  far  out  in  the 
bronchioles.  It  is  found  in  the  epithelium  and  at  the  sub  epithelial  level  from  the  nose 
down  to  the  terminal  bronchioles.  It  generally  binds  to  proteins  quite  rapidly. 
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Isocyanates  react  quickly  in  the  body  forming  adducts.  Studies  suggest  the  toxicity  of 
isocyanates  is  due  to  the  distribution  of  isocyanate-glutathione  conjugates  to  various 
organs  via  blood  and  the  release  of  free  isocyanate  in  peripheral  tissues.  The  mechanism 
of  distribution  of  isocyanates  in  the  human  body  is  largely  unknown,  no  information  was 
found  in  the  literature  (Nakashima,  2002;  Nordic  Council  of  Ministers,  2001). 

A.2.2  Metabolism 

Information  on  the  metabolism  of  isocyanates  is  limited.  The  major  metabolite  of 
HDI  in  humans  is  1 ,6-hexamethylene  diamine  (HAD).  No  information  was  located  in  the 
available  literature  specifically  addressing  HAD  after  inhalation,  oral,  or  dermal 
exposures  (Abadin  and  Spoo,  1998). 

A.2.3  Elimination  and  Excretion 

Multiple  studies  have  demonstrated  HDI  metabolites,  HAD,  are  excreted  through 
the  urine.  In  a  7.5-hour  inhalation  study  of  humans,  HAD  was  excreted  almost 
immediately  through  the  urine  with  levels  undetectable  15  hours  post  exposure  (Abadin 
and  Spoo,  1998). 


A.3  OCCUPATIONAL  EXPOSURE  LIMITS 

Two  approaches  are  currently  used  to  express  OELs  for  isocyanates.  The  most 
common  approach  is  to  describe  the  OEL  for  individual  isocyanates  as  either  parts  per 
million  (ppm)  or  micrograms  per  cubic  meter  of  air  (pg  m'3).  The  OEL  for  the 
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monomeric  form  of  HDI  is  expressed  in  this  manner  by  OSHA,  NIOSH,  and  American 
Conference  of  Governmental  Industrial  Hygienist  (ACGIH).  With  the  exception  of 
Oregon  OSHA  (OR-OSHA),  no  US  exposure  setting  agency  has  established  an  OEL  for 
individual  oligomers.  This  is  of  particular  concern  since  coatings  used  in  aerospace  are 
primarily  composed  of  the  oligomer  form  of  HDI.  The  OR-OSHA  HDI  oligomer  short- 
term  exposure  level  (STELi5min)  is  1,000  pg  m'  and  the  8-hour  time -weighted  average 
(TWA)  permissible  exposure  limit  is  500  pg  m'  .  The  OR-OSHA  OELs  were 
promulgated  in  1986  and  are  derived  from  animal  toxicity  studies  with  exposure  to  HDI 
isocyanurate  and  HDI  biuret. 

The  second  approach  expresses  the  OEL  in  terms  of  the  total  number  of  NCO 
groups  within  an  isocyanate  mixture,  rather  than  quantifying  each  individual  species. 

This  OEL  is  expressed  as  the  mass  of  total  NCO  groups  or  as  “pg  NCO  m'  ”  and  may  be 
referred  to  as  the  Total  Reactive  Isocyanate  Group  (TRIG).  United  Kingdom  Health  and 
Safety  Executives  (UK-HSE)  STELi5min  standard  for  total  NCO  is  70  pg  NCO  m'3  for  all 
isocyanates.  The  UK-HSE  STEL  was  established  in  1983  and  includes  monomers  and 
oligomers  of  all  isocyanates,  regardless  of  their  individual  identities  or  toxicities.  The 
UK-HSE  is  derived  from  the  ACGIH’s  TLV  for  monomeric  TDI,  which  is  0.02  ppm 
(equivalent  to  142  pg  m"3  with  48%  of  molecular  weight  as  NCO).  Because  the  UK-HSE 
STEL  is  based  on  the  toxicological  characteristics  of  TDI  monomer,  it  may  not  be 
directly  applicable  to  exposures  during  spray  applications,  where  the  predominant 
isocyanate  species  in  the  paint  is  HDI  (Reeb- Whitaker  and  others,  2012).  Refer  to  Table 
14  for  a  summary  of  the  varying  OELs  established  by  national  and  international  standard 
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setting  agencies,  of  particular  interest  is  the  order  of  magnitude  difference  in  the  TRIG 
standard  compared  to  the  OR-OSHA  standard. 

During  its  health  hazard  evaluations  NIOSH  has  utilized,  and  the  US  Air  Force 
School  of  Aerospace  Medicine  supports,  the  use  of  the  OR-OSHA  permissible  exposure 
limit  of  500  pg  m'3  for  an  8-hour  TWA  and  1,000  pg  m'3  as  a  STEL  for  comparison  of 
HDI  polyisocyanate  results.  The  ACGIH  TLV  8-hour  TWA  of  34  pg  m'3  is 
recommended  for  monomers  (Batten,  2012). 


Table  14:  Current  US,  UK,  and  Swedish  OELs  for  HDI 

(Adapted  from  Bello  and  others,  2004) 


HDI 

Monomer 

HDI 

Polyisocyanate 

TRIG3 

TWA  8-hr 

OSHA  PEL 

Ceiling 

- 

- 

- 

TWA  10-hr 

35 

NIOSH  REL 

Ceiling  10  min 

140 

- 

- 

TWA  8-hr 

34 

ACGIH  TLV 

STEL  15  min 

- 

- 

- 

Oregon 

TWA  8-hr 

- 

500 

- 

OSHA 

STEL  15  min 

- 

1,000 

- 

TWA  8-hr 

(20) 

UK-HSE  OEL 

Ceiling  10  min 

- 

- 

(70) 

TWA  8-hr 

(20)b 

Swedish  OEL 

STEL  5  min 

- 

- 

(44) 

Bracketed  values  represent  the  equivalent  standard  in  pg  NCO/m3 


aTotal  reactive  isocyanate  group  (TRIG)  in  pg/m3'  The  standard  applies  to  all  isocyanate  species  (monomers,  polyisocyanates, 
and  their  mixtures)  regardless  of  their  origin. 

bThe  Swedish  OEL  is  based  on  5  ppb  (TWA),  which  equals  90  pg  HDI-biuret/m3  (20  pg  NCO/m3),  and  a  5-min  STEL  of  ~ 

13  ppb,  which  equals  200  pg  HDI-biuret/m3  (44  pg  NCO/m3) 
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APPENDIX  B.  EXPANDED  RESULTS  AND  DISCUSSIONS 


This  appendix  supplements  the  Results  and  Discussion  sections  in  Chapter  II. 


The  material  presented  in  this  appendix  was  deemed  excessive  for  a  prospective  article 


for  publication.  It  includes  pictures  from  the  painting  process,  detailed  analytical  results, 


and  additional  laboratory  quality  control  documentation. 


B.l  SAMPLE  COLLECTION  -  PAINTING  PROCESS  PICTURES 


Sample  Collection.  A)  Calibration  of  partial  shift  and  full  shift  ASSET  samplers 
using  low  flow  adapters  and  Bios  DryCal  calibrator;  B)  Sample  staging  area;  C)  Rear 
sampling  pump  configuration;  D)  Front  sampling  media  configuration  including  2 
ASSET  samplers  and  1  Iso-Chek  cassette. 


Figure  9.  Sample  Collection 
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Painting  Process.  A)  Portable  air  handler  with  filters;  B-D)  Chine  cove  painting  with 
HVLP  spray  gun 


Figure  10.  Painting  Process 


Figure  11.  Painted  Troop  Galley  and  Chine  Coves 
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B.2  QUANTIFICATION  OF  ISOCYANATES  BY  HPLC-MS 


B.2.I  HPLC-MS  Calibration  Curves 


1,6-HDI-DBA  Calibration  Curve 


Concentration  (|xg  ml"1) 


Figure  12. 1,6-HDI-DBA  Calibration  Curve,  R2  =  0.999 


Figure  13.  HDI-Biuret-DBA  Calibration  Curve,  R2  =  0.9988 
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Figure  14.  HDI-Isocyanurate-DBA  Calibration  Curve,  R2  =  0.9995 


B.2.2  Media  Spike  Recovery  Study 


Table  15.  HDI-DBA  Media  Spike  Recoveries 


HDI-DBA 

Spike  ID 

Replicate 

Target 

Concentration 

ng 

Analyzed 

Concentration 

ng 

Recovery 

% 

Statistics 

Media  Spike 

1 

0.10 

0.1044 

104.4% 

Mean 

Media  Spike 

2 

0.15 

0.1568 

104.5% 

99.4% 

Media  Spike 

3 

0.30 

0.3000 

100.0% 

Media  Spike 

4 

0.50 

0.4914 

98.3% 

STD  Dev 

Media  Spike 

5 

0.60 

0.5884 

98.1% 

3.41% 

Media  Spike 

6 

0.80 

0.7782 

97.3% 

Media  Spike 

7 

1.00 

0.9608 

96.1% 

%RSD 

Media  Spike 

8 

1.20 

1.1539 

96.2% 

3.43 
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Table  16.  HDI-Biuret-DBA  Media  Spike  Recoveries 


HDI-Biuret-DBA 

Spike  ID 

Replicate 

Target 

Concentration 

tig 

Analyzed 

Concentration 

tig 

Recovery 

% 

Statistics 

Media  Spike 

1 

0.10 

0.1047 

104.7% 

Mean 

Media  Spike 

2 

0.15 

0.1462 

97.5% 

100.6% 

Media  Spike 

3 

0.30 

0.2919 

97.3% 

Media  Spike 

4 

0.50 

0.5071 

101.4% 

STD  Dev 

Media  Spike 

5 

0.60 

0.5778 

96.3% 

5.18% 

Media  Spike 

6 

0.80 

0.8087 

101.1% 

Media  Spike 

7 

1.00 

0.9554 

95.5% 

%RSD 

Media  Spike 

8 

1.20 

1.3304 

110.9% 

5.15 

Table  17.  HDI-Isocyanurate-DBA  Media  Spike  Recoveries 


HDI-Isocyanurate-DBA 

Spike  ID 

Replicate 

Target 

Concentration 

tig 

Analyzed 

Concentration 

tig 

Recovery 

% 

Statistics 

Media  Spike 

1 

0.10 

0.0867 

86.7% 

Mean 

Media  Spike 

2 

0.15 

0.1148 

76.5% 

83.1% 

Media  Spike 

3 

0.30 

0.2199 

73.3% 

Media  Spike 

4 

0.50 

0.4320 

86.4% 

STD  Dev 

Media  Spike 

5 

0.60 

0.5034 

83.9% 

6.83% 

Media  Spike 

6 

0.80 

0.6917 

86.5% 

Media  Spike 

7 

1.00 

0.7720 

77.2% 

%RSD 

Media  Spike 

8 

1.20 

1.1269 

93.9% 

8.22 
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B.  2. 3  ASSE  T™  Sampler  Results 


Table  18.  ISO-CHEK®  and  ASSET™  HDI  Monomer  Concentrations 


IsoChek 
Sample  ID 

ISO-CHEK  Monomer 

Concentration 
(mg  m-3) 

ASSET  Sample  ID 

ASSET  Monomer 

Concentration 
(mg  m 3) 

Sample  used 
in  paired  t- 
test? 

Comments 

1C01 

<0.0187 

D1B01 

Lab  Error 

N 

ASSET  Sampler  Lab  Error 

1C02 

<0.0187 

D1B02 

Lab  Error 

N 

ASSET  Sampler  Lab  Error 

1C03 

<0.0187 

D1B03 

Lab  Error 

N 

ASSET  Sampler  Lab  Error 

1C04 

<0.0187 

D1B04 

Lab  Error 

N 

ASSET  Sampler  Lab  Error 

1C05 

<0.0187 

D1B05 

Lab  Error 

N 

ASSET  Sampler  Lab  Error 

1C06 

<0.0187 

D1B06 

Lab  Error 

N 

ASSET  Sampler  Lab  Error 

1C07 

<0.0187 

D1B07 

Lab  Error 

N 

ASSET  Sampler  Lab  Error 

1C08 

<0.0187 

D1B08 

Lab  Error 

N 

ASSET  Sampler  Lab  Error 

D2C01 

0.0191 

2B01 

0.0870 

Y 

D2C02 

0.0522 

2B02 

0.1050 

Y 

D2C03 

0.0267 

2B03 

0.0480 

Y 

D2C04 

0.0843 

2B04 

Lab  Error 

N 

ASSET  Sampler  Lab  Error 

D2C05 

<0.0092 

2B05 

<0.0088 

Y 

D2C06 

<0.0185 

2B06 

<0.0177 

Y 

D2C07 

<0.0185 

2B07 

<0.0177 

Y 

D2C08 

<0.0185 

2B08 

<0.0177 

Y 

10C01 

<0.0189 

10B01 

<0.0159 

Y 

10C02 

<0.0189 

10B02 

0.0350 

Y 

10C03 

0.0591 

10B03 

Lab  Error 

N 

ASSET  Sampler  Lab  Error 

10C04 

0.0223 

10B04 

0.0710 

Y 

10C05 

<0.0189 

10B05 

<0.0159 

Y 

10C06 

<0.0189 

10B06 

<0.0159 

Y 

20C01 

<0.0189 

20B01 

<0.0166 

Y 

20C02 

0.0409 

20B02 

0.2670 

Y 

20C03 

0.0417 

20B03 

0.2010 

Y 

20C04 

<0.0189 

20B04 

<0.0166 

Y 

20C05 

<0.0189 

20B05 

0.0360 

Y 

20C06 

<0.0189 

20B06 

<0.0166 

Y 

2C01 

<0.0185 

1B01 

<0.0183 

Y 

2C02 

<0.0185 

1B02 

0.0250 

Y 

2C03 

<0.0185 

1B03 

0.0480 

Y 

2C04 

<0.0185 

1B04 

Lab  Error 

N 

ASSET  Sampler  Lab  Error 

2C05 

<0.0185 

1B05 

0.0630 

N 

Hose  disconnected  from  IsoChek 

2C06 

<0.0185 

1B06 

0.0500 

Y 

2C07 

0.0190 

1B07 

0.0980 

Y 

2C08 

0.0275 

1B08 

0.0890 

Y 

2C09 

<0.0278 

1B09 

N 

ASSET  Sampler  lost  during  collection 

2C10 

0.0286 

1B10 

<0.2738 

N 

ASSET  Pump  failed  at  1  minute 

2C11 

<0.0185 

1B11 

0.0830 

N 

ASSET  Pump  failed  at  2  minutes 

2C12 

0.0295 

N 

No  corresponding  ASSET  sample 

4C01 

<0.0182 

3B01 

<0.0175 

Y 

4C02 

<0.0182 

3B02 

<0.0175 

N 

Pump  malfunctioned 

4C03 

<0.0182 

3B03 

0.0250 

Y 

4C04 

<0.0182 

3B04 

<0.0175 

Y 

4C05 

0.0225 

3B05 

0.0570 

Y 

4C06 

<0.0273 

3B06 

0.0420 

Y 

4C07 

<0.0182 

3B07 

0.0210 

N 

ISO-CHEK  pump  disconnected  sampling 

4C08 

0.0204 

3B08 

0.0330 

Y 

4C09 

<0.0182 

3B09 

0.0320 

Y 

4C10 

<0.0182 

3B10 

0.0240 

Y 

2A01 

0.0560 

N 

3A01 

Lab  Error 

N 

ASSET  Sampler  Lab  Error 
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Table  19.  ISO-CHEK  and  ASSET  HDI  Oligomer  Concentrations 


IsoChek 
Sample  ID 

ISO-CHEK  Oligomer 
Concentration 
(mg  m3) 

ASSET  Sample  ID 

Dilution 

Factor 

ASSET 

Oligomer 
Concentration 
(mg  m 3) 

Sample  used  in 
paired  t- test? 

Comments 

1C01 

0.1230 

D1B01 

Lab  Error 

N 

ASSET  Sampler  Lab  Error 

1C02 

0.8070 

D1B02 

Lab  Error 

N 

ASSET  Sampler  Lab  Error 

1C03 

0.7470 

D1B03 

Lab  Error 

N 

ASSET  Sampler  Lab  Error 

1C04 

0.2050 

D1B04 

Lab  Error 

N 

ASSET  Sampler  Lab  Error 

1C05 

0.2240 

D1B05 

Lab  Error 

N 

ASSET  Sampler  Lab  Error 

1C06 

0.0541 

D1B06 

Lab  Error 

N 

ASSET  Sampler  Lab  Error 

1C07 

<0.0334 

D1B07 

Lab  Error 

N 

ASSET  Sampler  Lab  Error 

1C08 

<0.0334 

D1B08 

Lab  Error 

N 

ASSET  Sampler  Lab  Error 

D2C01 

4.5900 

2B01 

100 

7.4070 

Y 

D2C02 

1.7000 

2B02 

100 

18.8020 

Y 

D2C03 

3.0900 

2B03 

10 

5.4650 

Y 

D2C04 

0.8730 

2B04 

Lab  Error 

N 

ASSET  Sampler  Lab  Error 

D2C05 

0.3470 

2B05 

0.0190 

Y 

D2C06 

<0.0330 

2B06 

0.0210 

Y 

D2C07 

<0.0330 

2B07 

<0.0177 

Y 

D2C08 

<0.0330 

2B08 

<0.0177 

Y 

10C01 

<0.0337 

10B01 

<0.0159 

Y 

10C02 

2.7200 

10B02 

100 

9.3060 

Y 

10C03 

1.1300 

10B03 

Lab  Error 

N 

ASSET  Sampler  Lab  Error 

10C04 

3.7238 

10B04 

3.5150 

Y 

10C05 

0.0342 

10B05 

0.0280 

Y 

10C06 

<0.0337 

10B06 

<0.0159 

Y 

20C01 

<0.0337 

20B01 

<0.0166 

Y 

20C02 

1.7600 

20B02 

1000 

76.5400 

Y 

20C03 

1.8300 

20B03 

1000 

44.3090 

Y 

20C04 

0.2610 

20B04 

0.0830 

Y 

20C05 

2.7200 

20B05 

100 

6.9740 

Y 

20C06 

0.1100 

20B06 

0.0390 

Y 

2C01 

<0.0330 

1B01 

<0.0183 

Y 

2C02 

3.0400 

1B02 

10 

3.0540 

Y 

2C03 

3.8300 

1B03 

100 

7.5090 

Y 

2C04 

1.8500 

1B04 

Lab  Error 

N 

ASSET  Sampler  Lab  Error 

2C05 

5.6200 

1B05 

100 

19.8100 

N 

IsoChek  hose  disconnected 

2C06 

4.3200 

1B06 

100 

9.6390 

Y 

2C07 

4.8800 

1B07 

100 

24.5980 

Y 

2C08 

5.7900 

1B08 

100 

20.9760 

Y 

2C09 

<0.0496 

1B09 

N 

ASSET  lost  during  collection 

2C10 

3.1400 

1B10 

10 

10.9820 

N 

ASSET  Pump  failed  at  1  min 

2C11 

<0.0330 

1B11 

10 

4.5800 

N 

ASSET  Pump  failed  at  2  min 

2C12 

4.1500 

N 

No  correspond  ASSET  sample 

4C01 

<0.0326 

3B01 

0.0190 

Y 

4C02 

2.1000 

3B02 

10 

0.7690 

N 

Pump  malfunctioned 

4C03 

3.4800 

3B03 

10 

1.4680 

Y 

4C04 

<0.0326 

3B04 

<0.0175 

Y 

4C05 

3.2900 

3B05 

10 

4.3460 

Y 

4C06 

5.5100 

3B06 

10 

3.1030 

Y 

4C07 

<0.0326 

3B07 

10 

2.0100 

N 

ISO-CHEK  hose  disconnected 

4C08 

2.4400 

3B08 

10 

3.2370 

Y 

4C09 

3.9500 

3B09 

10 

2.6120 

Y 

4C10 

2.8600 

3B10 

10 

3.8860 

Y 

2A01 

1000 

16.3960 

N 

3A01 

Lab  Error 

N 

ASSET  Sampler  Lab  Error 
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B.3  QUANTIFICATION  OF  ISOCYANATES  BY  HPLC-UV 

The  following  pages  contain  the  results  for  the  ISO-CHEK®  samples  analyzed  by 
the  US  Air  Force  School  of  Aerospace  Medicine  Occupational  and  Environmental  Health 
Industrial  Hygiene  laboratory. 
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MEMORANDUM  FOR:  Capt  Tiffany  Heline 
88  AMDS  SGPB 
2325  5th  Street.  Bldg  675 
WRIGHT-PATTERSON  APB.  OH  454337 
FROM:  USAFSAM  OE  Industrial  Hygiene 

2510  Fifth  Street,  Bldg  20840.  Room  W327 
Wright  Patterson  Air  Force  Base.  OH  45433-7913 


14  January  2014 


REF:  Order  No.:  S13 10016 
Dear  Capt  Tiffany  Heline: 

Enclosed  are  the  sample  reports  from  30  samples  received  on  10/2/2013. 

Samples,  not  consumed  in  analysis,  will  be  held  according  to  the  appropriate  regulatory 
authority  unless  you  specifically  request  otherwise.  Should  you  choose  to  reproduce  tins  report, 
we  recommend  you  do  so  in  its  entirety7  so  that  the  integrity7  of  the  data  package  is  kept  intact. 

If  you  ha  ve  questions,  or  if  we  may  be  of  further  assistance  to  you.  please  do  not  hesitate  to 
contact  us. 

Sincerely, 


ERIC  L  WEATHERHOLT.  Capt.  USAF 
Analytical  Services  Program  Manager 
Tel:  (937)  938-2523  (DSN  Prefix:  79S) 
https :// kx.  a  fins .  nul/chemlab 

Note:  Sample  analysis  performed  by:  USAFSAMOE  Chemistry7  Division 


This  report  is  intended  solely  for  '.he  purpose  of  the  person  to  whom  it 
is  addressed.  If  received  in  error,  please  notify  the  Program  Manager 
listed  above. 


Page  t  of  17  Pages 
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USAFSAM  OE  Industrial  Hygiene 


CLIENT:  S3  AMD5/SGPB 

p,,°Jec,:  CASE  NARRATIVE 

Lab  Work  Order :  S 1 3 1 OQ 1 6 

There  were  no  problems  associated  with  the  samples  or  analysis  except  where  noted  below.  Unless 
otherwise  noted,  sample  results  are  not  blank  coirected.  and  all  quality  control  associated  with  die 
samples  were  within  acceptable  limits. 

These  results  relate  only  to  the  items  tested. 

AMENDED  REPORT:  14  Jan  14 

Die  report  was  amended  to  correct  the  volume  for  Lab  Sample  ID  S13 1001 6-21  A/Client  Sanqjle  ID 
10C04.  HS  14  lan  14 


Page  2  of  17  Pages 
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C  Bear  Sample  ID: 
Lab  simple  ID: 
S-iapk  Tt?' 

&lf  Jdrnn  Rp-z 
Sample  Lom  Iw«l: 

Pifp 


luJu^j  [ii.it  it)  |icur  Krjju-i  t  of  Amah  fAi 
for 

Sfl  AMDSSGPB 
H>rkQr<|fr  £131  O&U 

Project: 

Paw  1133*2013 

ICOQ 

SlMMlb-MA 
ISG-CHEK 
KA 

CSDUSTTUAL  HHBENE  ORGANICS  SAMPLE  FPJP 


Dsti  5a  mpfcd:  ?  -  ^  "2013 
Fi-nf-rf-  IGlOOll 

Analyst:  E?. 

Appc^nr;  IbSJiSD 

Ff*p  D*rt:  10  2/3013  8.00  DO  AM 


i.  out  tb!:  a  non 

JSpaznL- 

La  hu  t 

Audyli 

— isi _ i 

J£E2Li 

QmI 

DF 

Date  linn#  AhKz  ed 

M'ptim  B(VO«  a  docyaWE: 

IJfr+IDI  Utmjmurtc  4I2M 

ijf^ch  Mgcnrerc  415DD 

o  z«  z  io?mij  34*54*11 

a.&K  1  11/150013 1:1524  AU 

thu[  Sample  IE. 

1001 

Date  Smpkd:  627,3013 

Lib  Sample  ID; 

SUIKI1042A 

BsliRwwrid:  10  22013 

Sample  Type. 

BO^EE 

Ak  VqI  CL>: 

14. W 

AbjIt-4:  B?. 

Sue  Idtiifie: 

OHi&Z 

Apprvrar:  DibkSD 

Simp  If  Lot  jEmb 

Prep: 

INDUSTRIAL  HYGIENE  ORGANICS  SAMPLE  PEEP 

Frep  Date  102ft013  IJKtftD  AM 

!R*poraiif 

CiariitFJitiiiJi 

Limit 

AiaJyit 

""oiii . 1 '  "S^)T . cw"] 

("EJ _ 

Qutf 

DF 

Dale  i1  Iiiii*  AuLyzhL 

Mlffrod 

ijd-HDI  Uancfnalc 

IS043®(  WtSOCYANATES 

412  BD 

410187 

QJES0 

2 

tlQ'E-SHJ  4:12:21  PM 

1J&+1D!  Q»g™nc 

1  fli 

0.123 

- 

□.SOD 

1 

11/1  KOI  3- 1«  55  AH 

Dage  3  >d<  17  Pjges 
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C  Bear  Sampled: 
Lab  simple  ID: 
Tt?' 

Am  VU0_): 

&lf  Jdrnn  Rp-z 
Sample  Lot .iIw«l: 

Pifp 


liaJu^  [ii.it  th  |icur  Krjju-s  r  of  Allah  \u 
for 

SI  AilDS/SGFB 

tt»rbftrd#i  £1310015 

Project: 

Daw  1133*2013 

1CK 

Ml  10016-HA 
ISQ-CHEK 
14.99 
KJMZ 

CSDUSTTUAL  HHBENE  ORGANICS  SAMPLE  ppjp 


Date  5a  mpfcd:  9  -  ^  "2013 
Fi-nf-rf-  I&12013 

Analyst:  E?. 

Appc^nr;  IbSJiSD 

Fr*p  Dart:  10  2/3013  8.00  DO  AM 


L  Oti(  tb!:  a  non 

JUpaz^L- 

La  hu  t 

Alible 

--jw . 

JEEffij 

fe> 

Qlll 

DF 

Date  linn#  AhKz  ed 

ll&ffwa  *&ftn0IHS  1  5Q-&£K  Of  S  3CVAWEC 

IJfr+IDI  Utmjmurtc  -fl2N  ■flOiaT 

1J6-HDI  Mgcfrarc  '  2.1  D.3E7 

Q.ZW  Z  lQMHa«3*42FV 

a.&K  1  1 1.-1  MAI 3  2Jfi :33  AM 

Chiai  Simple  IE. 

10W 

BinSampittl.  627,3013 

Lib  Sample  ID: 

SIJIMIMHA 

DHeEwemd:  1(122013 

Simple  Type. 

ISO-CHEE 

Am  VqI  CL>: 

14. W 

Aaihit:  E?. 

Sue  Idtiifie: 

C206Z 

J44H.nu:  DibkSD 

Simp  If  Lot  jEmb 

Prep: 

INDUSTRIAL  HYGIENE  ORGANICS  SAMPLE  PEEP 

Prep  Di  te :  10,-2-2013  IJKtftD  AM 

Aubit 

iiiiCii™tniitiQi  _ 

'  m . rwrfr 

'r’r  —  j 

!R*poraiif 

Limit 

tm 

Qua J 

DF 

Dill  1 1  Iiiii*  July  zed 

HltFrod^i^ram  fflSCPCTJ^TES 

1J6-HDI  UoncmBtc 

^clebd  -cUflia? 

- 

flJBO 

2 

tlQ-E/S]  1-3  4:57: 1DPW 

1J&+IDI  Q»g™rfte 

Ill  07*7 

“ 

Q.SW 

1 

M/1»3C13  3  33  *  AM 

af  IT  Pages 
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C  Bear  Sample  ID: 
Lab  Staple  IB: 
pimple  Tt?' 

Am  VU0_): 

&lf  Id  ran  fie: 
Sample  Locaika: 

Pifp 


lu  JiTj  [ii.it  H>  |icur  Krjju-s  t  afAu.it>  fAi 
for 

SI  AMDS/SGFB 

tt»rbftrd#i  SmOGlS 

Project: 

Paw  1133*20131 

ICH 

SLID  MU-HA 
ISQ-CHEK 
14.99 
KJMZ 

EKDUmtUL  HHBENE  ORGANIC*.  SAMPLE  PEEP 


Date  5a  mpfcd:  9  -  ^  "2013 
Fi-nf-rf-  1 01-3011 

Analyst:  E?. 

Appriw:  EiSJiSD 

pr*p  Dad:  10  2y»3  tm  do  am 


Coactaniti« 

JSpa:nL- 

liHUI 

Audyli 

-J5 L  i  t"S"ll 

J£E2Li 

fe> 

QmI 

DF 

Date  linn#  AhKz  ed 

mmm  Seftna  nta  i SQ-&£K  CNfiOCYAkAIES 

IJfr+IDI  Utmjmurtc  -A2N  ifi0l97 

ij6-HDI  Mgcfrarc  3.07  D2E5 

Q.ZW  Z  iQ^*3GnjSMftj&iPU 

O.&K  1  ll.'l  KOI  3  4:17:38  AU 

Ohiut  Sample  IE. 

ICO? 

Date  Sampled.  6^7,3013 

Lib  Sample  ID; 

SUIHIHOA 

BsleRwwrid:  ID 2^013 

Sample  Ty  pe. 

EO-CHEK 

Am  VqI  CL>: 

14  .W 

ABJh-,t:  B?. 

Sue  Idtiifie: 

0206Z 

Ajprmr:  DibkSD 

Simp lr  Lot  jEmb 

Prep: 

INDUSTRIAL  HYGIENE  ORGANICS  SAMPLE  PEEP 

Frep  Date  1023013  IJKtftD  AM 

Aubit 

iiiiCii™tniitiQi  _ 

'  m . rwrfr 

'r’r  —  j 

Ripum&i 

Limit 

tm 

Quil 

BF 

Bala  i1  Tim*  Auhr  itA 

1J6-HDI  Unncmerfc 

412B0 

- 

a  .280 

2 

tQ-E.-2ai.3  5:42:03  FM 

10H1&  Qlgtrruiffc 

IX  Q22J 

“ 

0.500 

1 

1  VI K0U  503:12  AM 

Dage5  of  17  Pjges 
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C  Bear  Simple  ID: 
Lab  Staple  IB: 
pimple  Tt?' 

Ar  VaL(L>: 

&lf  Id  ran  fie: 
Sample-  LociikcL: 

Pifp 


lu  JiTj  [ii.it  H>  |icur  K-rpu-s  t  afAu.it>  fAi 
for 

SI  AMDS/SGFB 

tt»rbftrd#i  £1310015 

Project: 

Paw  1133*2013 

10W 

sniMib-ftu 
ISQ-CHEK 
14.99 
KJWZ 

EKDUmtUL  HHBENE  ORGANIC*.  SAMPLE  PEEP 


Date  5a  mpfcd:  9  -  ^  "2013 
Fi-nf-rf-  I&12013 

Analyst:  E?. 

Appc^nr;  EiSJiSD 

r**p  Dad:  10  2/3013  tm  do  am 


Cbactairiti« 

JSpa:nL- 

liHUI 

Alible 

^-isl  i  re."ii, 

J£E2Li 

Qlll 

DF 

Date  linn#  AhKz  ed 

mmm  *&ftranta  i 5Q-&£K  a  S  3CVAWEC 

IJfr+IDI  Utmjmurtc  4I2N  -fiflldT 

ije-HDI  Mgcnrerc  D.811  Q.2541 

■3  Z«  Z  IfrfttfHa&tHtftPvj 

a.&K  1  11/112iyiJ£K44AU 

Lhtai  Sample  ID: 

1007 

Dale  Sampled.  91?.'301l 

Ub  Sample  ID: 

S131  LH1HU 

DatiEwwTid:  1(122013 

Sample  Ty  pe. 

EO-CHEK 

Ar  VAC L|: 

14. W 

AuM:  E?, 

Sue  Idtiifie: 

C206Z 

Ajprmr:  DibkSD 

Simp  If  Lot  Jbm 

Prep: 

INDUSTRIAL  HYGIENE  ORGANICS  SAMPLE  PEEP 

Frep  Date  102^2013  IJKtftD  AM 

Ripum&i 

CiariitFJitiiiJi 

Limit 

Aubit 

"'"Siii . 1 1  "S^)T . cw"] 

("EJ _ 

Quil 

BF 

Bala  i1  T  iuit  AMilyitA 

HltFrgd  *ti*r*ra» 

ijd-HDI  UDoernote 

IS043®(  DltSOCYAMATES 

412  BD 

4L013T 

QJESC 

2 

1QflE3fl13  fcl&:26PW 

1J&41D!  0»g™nc 

4M 

-3  3i)J 

- 

QrfiDD 

1 

i  i/i»»i3risj5i  Mi 

-jgei  af  17  Pages 
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C  Bear  Sampled: 
Lab  simple  ID: 
Tt?' 

Am  VU0_): 

&lf  Jdrnn  Rp-z 
Sample  Lot Uka: 

Pifp 


liaJu^  [ii.it  th  |icur  Krjju-i  r  of  Allah  \u 
for 

SI  AMDS5GPB 

tt»rbftrd#i  £1310015 

Project: 

Daw  1133*2013 

ICO® 

5131M16-A0A 
ISQ-CHEK 
14.99 
KJMZ 

INDUSTRIAL  HHBENE  ORGANICS  SAMPLE  ppjp 


Dali  5a  nipkd:  9  -  ^  "2013 
Fi-nf-rf-  IGlOOll 

Analyst:  E?. 

Apprenr;  IbNtaSD 

Prep  D*rt:  10  2/3013  8.00  DO  AM 


Cbattauati« 

J tpnzuL' 

La  hu  t 

Arndyli 

~JE L  i  t"S."lt 

J£E2Li 

fe> 

QmI 

DF 

Dale  limit  AhKz  mL 

MlSfflGti  SefenflflWS  :Qh£h£K  EUt&OCYAMATEE 


■IJ6-HCN  UO-nompl-C 
ijE-HDi  C4gcmefic 


(hue  5  tap  It  ID: 
Lab  Sample  ID: 
Sample  Type. 
AkVol(L): 

Sue  liirLilae: 


D1O01 

SmODlti-lOA 
BO-CBEE 
15  IS 
::ofiz 


■q:w  ifioigr 

415DD  «fLiB14 


SiiptiUnttit: 

Prep:  INDUSTRIAL HYGIENE  ORGANICS  SAMPLE  PEEP 


Q.2«  Z  1QMH3  M13S1 PB 

•is::  i  i  i/i  s  iz  i  3  uk?  am 

Dllt  Slmpferf:  ‘OV^ul.i 
Ds(eR  weired:  IQ  2-2013 

B?. 

Apprarer:  ZMbkS" 


Prep  Date:  10  I  2013  3:00:00  AM 


J^peraiif 

CiariitFJitiiiJi 

Limit 

Aubit 

"'"Sii . 1 1  "S^)T . cw"] 

("EJ 

Qnii 

DF 

Dale  i1  T  int  Anils  ltd. 

HitFrgd 

ijd-HDI  UesncmBtc 

chis«  yahate; 

0290 

0.(1191 

QJESC 

2 

IQ/E.IB  13  T.A&'.  1 7  PM 

1J&41D!  0»g™nc 

•U 

A3* 

- 

□.SOD 

1 

11/ltOM3  1C2Z:WAU 
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ludu-stml  Hi  sic'iir  Krpu-rr  of  Auab.  fAf* 
for 

SI  AMDS'SCPB 
WwUQrtftr  M?:003-5 
Project: 


Di>KfPoM>d.  MWMU 


CEeat  Simple  ID: 

men 

Dili  3-i  mpkii: 

927.-2013 

Lib  Staple  ID: 

SIUH1MIA 

DiiiiiaM 

3  ft  2.2011 

S^BipIc  T^pe 

IW-CtiEK 

AkV^L): 

IS.lfi 

Amiyit: 

BE 

&if  tfatifif  r 

OlQffi Z 

Appcwr: 

DfttaSD 

Sample  Locaika: 

Prrpi 

^rmrsmut  KYOtEKE  OBtittOCS  SAMPLE  PFJP 

Prep  Dili! 

10&OD13  S.WOO  AM 

CbBceuriboB 

JUpa:-L- 
Li  HU  T 

Alible 

^-ISL  i  re."ii, 

iEEBLi 

_ &L _ 

QmI 

DF 

Dale  linn#  AhKz mL 

mmm  ^aftranea  B(VO«  DlfiOCYAMAfES 

1J&+1DI  U&nom*rtc  &7»1  0MZ2 

ije-HDl  Mgcrnerc  2^-5  UV 

Q.2«  Z  IM313  7  5('3»™ 

O.&K  1  11/19&U13  11 137:43  AM 

C  ferae  Simple  [D 

D1C03 

Di if  Sampled.  9  27201  j 

Lib  S-injpte  □> 

SlllOOlS-lLi 

DaliRwwrid:  1ft  2-2013 

Simple  Type. 

EO-CHEE 

AkVal(L): 

13  14 

AmM:  B?, 

Sj:e  Idtiifie: 

OIGGZ 

AppiaTtr:  EibkSE 

E- imp  If  LgcjIhb 

Prop: 

INDUSTRIAL  HYGIENE  ORGANICS  SAMPLE-  PEEP 

Prep  Date:  102^2013  HKtftD  AM 

J^poran? 

CeacratTaTjw 

Limit 

Auh-it 

. Sei . j'S^T . (JS'] 

("EJ 

Qtui 

DF 

Dll*  i1  Jiuif  Aalh  £h! 

Mlffrod 

ijd-HDI  MonoTrerK 

lSO*CTO(  WtSOCYANATES 

ft.  351 

axEt.j 

0.2  BC 

2 

ia-E  2ai3  £1&:04PM 

1J&41D!  Q»g™nc 

4fi6 

5  39 

- 

Q.5OT 

1 

1 1715213 1J  1 1  S3:  IIC  AM 

3ige  B  Erf  17  Pjges 
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C  Bear  Simple  ID: 
Lab  Sample  ID: 
Sample  Tt?' 
ArYd^L): 

&lf  JdrnnfiP-z 
Sample-  LocaikcL: 

Pifp 


liaJiTAxi.it  it)  |icur  K-rpu-s  T  of  An  all  \U 
for 

Sfl  AMDS.SGPB 

H>rkQr<|fr  £ 131001* 

Project: 

&a»  g^rtrti  a  isaaon 

man 

SHlMlfi-liA 
ISQ-CHEK 
15.13 
titttiZ 

INDUSTRIAL  HTCHENE  ORGANICS  SAMPLE  FPJP 


Date  5a  mpfcd:  ?  -  ^  "2013 
Fi-nf-rf-  1 01-3011 

Analyst:  E?. 

Apprtw:  EaNtaSD 

fnp  D*Et:  10  2/3013  tm  DO  AM 


CbBceuriboB 

J tpnz-L' 

Lihm 

Aiahlp 

[EEBLi 

_ [«Ll _ 

QmI 

DF 

Pale  limit  AhKz  mL 

WpTiM  S&fenflflWS  :Gh£h£K  EKBOCYA1«lTEE 


IJ6-HCN  UO-nompl-C 
ijE-HDi  QUgmiHie 


(hue  5  tap  It  ID: 
Lab  SamptalD: 
Sample  Type. 
AkVolCL): 

Sue  IdtiHie: 


mm 

SmCOlS-UA 
ECH“HEK 
K'  n 
::ofiz 


139  009^? 

113  D.H7-3 


9npteL«ttittit: 

Prep:  INDUSTRIAL HYGIENE  ORGANICS  SAMPLE  PEEP 


0.7-M  z  lOMnjBTrze™ 

H&K  1  1TtlOT13  1£l3S:5dPW 

Dllt  Slmfferf:  $2?10ll 
DaieR  weired:  IQ  2-2013 

E7, 


Prep  Da  ft;  10  2  2013  3:00:00  AM 


Auhrk 

CiariitFitiia 

'  m . rwrfr 

'r’r  —  j 

J^peraiif 

Limit 

Capa 

Qd-lI 

DF 

Dale  i1  Tiuif  Autyaa* 

IZO&WS.  Qi\&XY*mTES 

1J6-HDI  UsocmBtc 

*Q3SD  -*O.0C923 

- 

a -280 

2 

tCL-E-mii  £03:52  PW 

1J9+IDI  Q»g™rfte 

103  0  3*7 

“ 

0.500 

1 

UHlMOtt  I34  W  PM 
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C  Bear  Simple  ID: 
Lab  Staple  m. 
pimple  Tt?' 

Am  VU0_): 

&lf  JdrnnfiP-z 

Sample  Locaika: 

Pifp 


lu  JiTj  [ii.it  H>  |icur  Krjju-s  t  afAu.it>  fAi 
for 

SI  AMDS/SGFB 

tt»rbftrd#i  £1310015 

Project: 

Daw  Kay ftrt;  1133*2013 

D2O0S 

5I.31M16-1SA 
ISG-CHEK 
15.1S 
O204Z 

INDUSTRIAL  HTCHENE  ORGANICS  SAMPLE  PEEP 


Dali  5a  mpJed:  ?  -  ^  "2013 
Fi-nf-rf-  IGlOOll 

Analyst:  E?. 

Apprem-;  EiNtaSD 

Prep  Dad  :  10  2/3013  e.oo  do  am 


CbatfeMFldM 

JUpa:nL- 

liHUI 

Andyli 

^-isl  i  re."ii, 

J£E2Li 

fe> 

QmI 

DF 

Dale  Time  Analyr  mL 

Mamed  Seteraflws  :Qh£h£K  EUt&OCYAMATEE 


IJ6-HCN  UO-nompl-C 
ijE-HDi  C4gcmefic 


(hue  5  tap  It  ID: 
Lab  Sample  ID; 
Sample  Type. 

Am  VqI  CL>: 

Sue  Idtiilie: 


DlCfl? 

S13  1 0Q16-1&V 

eocbee 

15  is 
ftlMZ 


■o:w  -rcaigs 

415DD  duraa 


SiiptiUnttit: 

Prep:  INDUSTRIAL HYGIENE  ORGANICS  SAMPLE  PEEP 


0.2-H  z  ig/ems  SJf  ir=*w 

a.&X  I  11/1^13 1.1E. -33  PM 

Dili  Slmpferf:  ‘OV^ul.i 
Dale  R weired:  IQ  2-2013 

AuiiK-.f  B7, 
jlppcm:  ZMbkS" 


Prep  Da  Ik  10  2  2013  3:00:00  AM 


Ripum&i 

OiariitFJitiiiJi 

Limit 

Auhrk 

""TSi . 1 '  "S^)T . cw"] 

("EJ _ 

Qua J 

DF 

Dale  i1  I  ins*  Auly  ted 

HitFrgd 

ijd-HDI  UDoernote 

ISWTO(  WtSOCYAMATES 

*Cl2BD 

■4LQia5 

QJESC 

2 

iOmaua  ectE:33PM 

UM1D!  0»g™nc 

4M 

dlOUQ 

- 

ClrKlO 

1 

11/1K013-5-JI  t  l  PM 
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C  Bear  Sampled: 
Lab  Staple  ID: 
Sample  Tt?' 
ArY^^L): 

&lf  JdrnnfiP-z 

Sample  Locaika: 

Pifp 


liaJirAii.it  it)  |icur  Krjju-i  T  of  An  all  \U 
for 

Sfl  AJtmSSOPB 

TVarRjrdr:  £ 131001* 

Project: 

&a»  g^rtrti  a  isaaon 

□MS 

SniMlfi-iTA 
ISQ-CHEK 
IS.lfi 
titttiZ 

INDUSTRIAL  HTCHENE  ORGANICS  SAMPLE  FPJP 


Date  5a  mpfcd:  ?  -  ^  '2013 
Fi-nf-rf-  1 01-3011 

Analyst:  E?. 

Apprtw:  EaSJiSD 

fnp  D*rt:  10  2/3013  &W  DO  AM 


CaaefeMFidM 

K#paifinf 

Limit 

Alible 

^-isL  i  t"s."lt 

J£E2Li 

fe> 

Qiil 

DF 

Date  linn#  \  a  al y  i  wj 

M'ptim  B(vo«  diisocy abates 

1>MDI  uonomiflc  *0280  *00136 

1J-HDI  Mgcnwre  4150D  dUDM 

Q.ZW  J  IQ'93013  igiHH  pu 

a.&K  1  11f»9yU4£44IV 

Circle  Simp  It  LD 

I6D01 

Dan*  Sampkd:  11 

Lab  Sample  U>; 

SI310G16-111A 

Dim  Riceral:  IV2/3013 

Sample  Type. 

50-CHEK 

AkValCL): 

W42 

AuM:  B?. 

Sue  Idtiilie: 

::ggz 

J44H.nu:  EibkSD 

Simp  If  Lot  jEmb 

Prep: 

INDUSTRIAL  HYGIENE  ORGANICS  SAMPLE  PEEP 

Frop  Date:  10,-2-2013  IJKH3D  AM 

!R*poraiif 

CiariitFJitiiiJi 

Limit 

Auh-it 

"'"Siii . 1 1  "S^)T . cw"] 

("EJ _ 

Qd-lI 

DF 

Dili  {  Tiuit  AulyaaJ 

HltFrgd  *ti*r*r** 

ijd-HDI  UDoernote 

tS<frCW(  OIIMCYAWE5 

4L2S0 

QJESC 

2 

IQtBjKIIS  1  £55:51  PM 

1J&41D!  0»g™nc 

4M 

-HO-ffMT 

- 

QJBQ 

1 

1  V1»S013  6«:27;pm 
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C  Bear  Simple  ID: 
Lab  StmpU  ID: 
pimple  Tt?' 

A*  VU0_): 

&lf  Id  ran  fie: 
Sample  Locaika: 

Pifp 


lu  JiTj  [ii.it  H>  |icur  Krjju-s  t  afAu.it>  fAi 
for 

SI  AMDS/SGFB 

tt»rbftrd#i  £1310015 

Project: 

Paw  1133*2013 

iood: 

SlMMlft-lPA 
ISQ-CHEK 
14.B2 
ffiMME 

EKDUmtUL  HHBENE  ORGANIC*.  SAMPLE  PEEP 


Date  5a  mpJfl:  9  3fli’2G13 

Fi-nf-rf- 

Analyst:  E?. 

Apprtw:  EiSJiSD 

Fr*p  Dae*-!  1ft 2/3013  8.00  DO  AM 


Cbactairiti« 

JSpa:nL- 

liHUI 

Alible 

^-isl  i  re."ii, 

J£E2Li 

fe> 

Qiil 

DF 

Dale  linn#  Aialyi mL 

mmm  *eftranta  1  5Q-&£K  DIpMKY A&A7ES 

1J&+1DI  H&ngm*rtc  *Q2M  -liaiSS 

ijFHiCH  Mgcerarc  40.3  2.72 

Q.2«  2  1(M*2f)l3  lltftlS  ^ 

a.&K  1  tl.'ISHH  ST^Mt  PM 

cim[  Simp  It  LD 

I&MI 

Due  Sdmpkd:  ftfHOU 

Lab  Sample  H>; 

SUIHlti-HUL 

Bale  Recwrid:  IV2/3013 

Sample  Type. 

EO-CHEE 

AkVol(L): 

wla 

AuM:  E?, 

Sue  Idtiilie: 

::ggz 

Ajprmr:  DibkSD 

Simp If  Lot  jEmb 

Prep: 

INDUSTRIAL  HYGIENE  ORGANICS  SAMPLE  PEEP 

Frop  Date:  102ft013  IJKtftD  AM 

!R*poranf 

Cenceatfatjw 

Limit 

Analyse 

. Sei (J S'] 

t°SJ _ 

Qd-lI 

DF 

Bala  i1  Tim*  Aulyaai 

HUTrgd 

ijd-HDI  UDoernote 

ISCi-CHEX  wesdCywiwtis 

OJS7& 

0.05  91 

QJESO 

2 

IQflVIBIS  11:40:41  PM 

U&+1D!  OlgTTVfC 

167 

1.13 

- 

□.SOD 

1 

1  l/IMOlSS-tl  3G*M 
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C  Bear  Simple  ID: 
Lab  Staple  ID: 
pimple  Tt?' 

A*  VU0_): 

&lf  Id  ran  fie: 
Sample  LociikcL: 

Pifp 


lu  JiTj  [ii.it  H>  |icur  Krjju-s  t  afAu.it>  fAi 
for 

SI  AMDS/SGFB 

tt»rbftrd#i  £1310015 

Project: 

Paw  1133*2013 

1KT04 

SUlMlfiOlA 
ISQ-CHEK 
13.U 
GOWZ 

EKDUmtUL  HHBENE  ORGANIC*.  SAMPLE  PEEP 


Dali  5a  mpJfl:  9  3fli’2G13 
Fi-nf-rf-  UmfltJ 

Analyst:  E?. 

Appriw:  EiSJiSD 

Ptf*p  Dae*-!  1ft 2/3013  8.00  DO  AM 


Cbactairiti« 

JSpa:nL- 

liHUI 

Alible 

-jsi.  i  re."ii, 

J£E2Li 

Qiil 

DF 

Dale  lime  A*alyr ed 

mmm  *eftraota  i SQ-&£K  CNfiOCYAHATES 

l.£-iHDI  UpnpT^c  BW  0  3-3 

ij6-HDI  Mgcirarc  51.5  3.72 

Q.2«  2  17  35  M- AM 

a.&ac  i  ii/iaoDiigaDOciDni 

Clm[  Simp  It  LD 

10005 

Dale  Sdmpkd:  *W29  11 

Ub  Sample  H>: 

Sm»15-22A 

BsieRwwrid:  IV2/3013 

Sample  Ty  pe. 

50-CHEK 

Ak  Yol  CL>: 

wla 

AuM:  E?, 

Sue  Idtiilie: 

::ggz 

Ajprmr:  DibkSD 

Simp  If  Lot  jEmb 

Prep: 

INDUSTRIAL  HYGIENE  ORGANICS  SAMPLE  PEEP 

Frep  Bate:  102ft013  IJKtftD  AM 

AailvEt 

CiariitFJitiia 

'  m . rwrfr 

'r’r  —  j 

J^poran? 

Limit 

tw) 

Qd-lI 

DF 

Bale  Time  AuLyzhL 

M|lto>d*f*rm  I3Q-CHE4  fflSCPCYJ^TES 

1J6-HDI  UoncmBtc 

412  bd  ^■mas 

- 

a  .280 

2 

m‘5.2£ll3  1225:33  A.U 

1J&+IDI  0»g™^ 

DHR  Q  -112 

“ 

0.500 

1 

iinflmsfciSbaM 

Page  i3  sf  17  Pages 
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C  Bear  Sample  ID: 
Lab  simple  ID: 
Sample  Tt?' 

&lf  Jdrnn  Rp-z 
Sample  Loo Iw«l: 

Pifp 


luJirAxi.it  it)  |icur  Krjju-s  t  of  Amah  fAi 
for 

Sfl  AMDSSGPB 

TVarRjrdr:  £ 131001* 

Froiett: 

Paw  1133*2013 

:ocoo 

SmMUHJA 
ISG-CHEK 
KA 
0M« 

CSDUSTTUAL  HHBENE  ORGANICS  SAMPLE  FPJP 


Dali  5a  mpJfl:  9  3fli’2G13 
Fi-nf-rf-  UmfltJ 

Analyst:  E?. 

Akpcfht;  EiSJiSD 

Pt*p  D*rt:  10  2/3013  8.00  DO  AM 


L  OiK  tb!:  ;i  non 

JSpaznL- 

liHUI 

Alible 

— isi _ i 

JEEffij 

fe> 

Qlll 

DF 

Dale  lime  AhKz mL 

M'ptim  B(VO«  a  sckyamates 

IJfr+IDI  U&nom*rtc  *Q2M 

ijFHiCH  Mgcnrerc  415DD 

o  z«  z  ivs-ma  izjt'kam 

HEX  1  11 11 15.20 13  1K31 :15  PU 

Circle  Simp  It  LD 

^&M1 

Dair  Sampled.  SlMl! 

Ub  Sample  U>; 

SU1H10-24A 

DsleRwwrid:  IV2/3013 

Sample  Ty  pe. 

EO-CHEE 

Ak  VqI  CL>: 

wla 

AuM:  E?. 

Sue  Idtiilie: 

::ggz 

Appnmr:  DibkSD 

Simp lr  Lot  jEmb 

Prep: 

INDUSTRIAL  HYGIENE  ORGANICS  SAMPLE  PEEP 

Prep  Date:  10,-2-  2013  B:0(M>Q  AM 

!R*poraiif 

CiariitFJitiiiJi 

Limit 

Auh-it 

""TSi . 1 1  "S^)T . cw"] 

("EJ _ 

Qd-lI 

DF 

Dale  i 1  Time  AuLyzhL 

HltFrgd  «ti^r^ra» 

ijd-HDI  UDoernote 

tS<frCW(  DltSOCYAMATES 

4L2S0 

QJESC 

2 

10/90013  1:1023  AM 

1J&+1D!  0»g™nc 

4M 

■tfMBJT 

- 

QJfiO 

1 

lltififOOia  1Z0Z:Z Z*W 

Page  14  "f  IT  Rages 


77 


C  Bear  Sample  ID: 
Lab  simple  ID: 
Tt?' 

Am  VU0_): 

&lf  Jdrnn  Rp-z 
Sample  Lot  .a  Iw«l: 

Pifp 


luJirAxi.it  th  |icur  Krjju-s  r  of  Allah  \u 

for 

SI  AAEKWSGfB 

tt»rbftrd#i  £1310015 

Project: 

Daw  1133*2013 

3002 

SIM  0916-HA 
ISQ-CHEK 
14.B2 

<™z 

CSDUSTTUAL  HHBENE  ORGANICS  SAMPLE  PPSP 


Date  5a  mpJfl:  9  3fli'2G13 
Fi-nf-rf-  UmfltJ 

Analyst:  E?. 

Appriw:  EiSJiSD 

Ftf*p  D*rt:  10  3  2013  tm  DO  AM 


{LanreuritiH 

JUpaz-L- 

Limit 

Audyli 

iEEBLi 

_ &L _ 

QmI 

DF 

Dale  lime  AhKz ed 

M'pTIM  ^eftranta  1  SQ-&£K  DU.-KKYAHA7ES 

l.£-iHDI  UfcnoTffSc  DWG  Q{UQ9 

ije-HDI  Mgcnrerc  SLA  1.71 

o.zw  z  * ommn*  i  h  4&AM 

a.&K  1  IIHOHIO  1£47:57AM 

ChtM  Simp  It  LD 

30M3 

DikSzimpittl.  SIMII 

Lib  Sample  H>; 

SmWl^tfA 

Dale  Recmed:  IV2/3013 

Sample  Ty  pe. 

EO-CHEK 

Am  VqI  CL>: 

W42 

Ah M:  B?. 

Sue  IdtiHie: 

::ggz 

AppisTtr:  EibkSB 

Simp lr  Lot  jEmb 

Prep: 

INDUSTRIAL  HYGIENE  ORGANICS  SAMPLE  PEEP 

Frep  Date  102^2013  IJKtftD  AM 

!R*poraiif 

Cenreitfatiw 

Limit 

Aubit 

. Sei ( ESj] 

("EJ _ 

Qtui 

DF 

Dale  i1  Time  Autyzai 

HUTrgd  *ti*r*r*if 

ijd-HDI  UDOcrnolc 

iso*cto(  chis-qcyawe; 

GlSIB 

Q.te17 

QJEBC 

2 

1 0*90013  USE:  IB  AM 

UM1D!  0»g™nc 

£?1 

143 

- 

QJfiO 

1 

11HOI»13-31M  35 

Page  ISflf  17  Pages 
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C  Bear  Simple  ID: 
Lab  Staple  IB: 
pimple  Tt?' 

A*  VU0_): 

&lf  Id  ran  fie: 
Sample  LocaikcL: 

Pifp 


lu  JiTj  [ii.it  H>  |icur  Krjju-s  t  afAu.it>  fAi 
for 

SI  AMDS/SGFB 

tt»rbftrd#i  £1310015 

Project: 

Paw  1133*2013 

:oow 

SI31M1^37A 
ISQ-CHEK 
14.83 
ffiMME 

EKDUmtUL  HHBENE  ORGANIC*.  SAMPLE  PEEP 


Date  5a  mpJfl:  5  3<Ji'2013 
Fi-nf-rf-  ]  l>  1-3013 

Analyst:  E?. 

Apprtw:  EiSJiSD 

Ff*P  Dali:  10  :  3013  8.00  DO  AM 


Lanosmatifl* 

JSpa:nL- 

liHUI 

Audyli 

~JE L  i  t"S"ll 

JEEffij 

fe> 

QmI 

DF 

Dale  lime  A*alyr ed 

Msotoc]  ^eftranta  i  5Q-&£K  dipmky AWhTES 

IJfr+IDl  U&nom*rtc  -02M  -00199 

1J6-HD1  Mgcerarc  3.-S7  D.2f1 

0.24ft  1  ■IO'9301JI17'»AM 

a.&K  1  HfflUHJEStlSAU 

CtiraC  Simp  It  LD 

3OC0S 

Dale  Sdmpkd:  0  30-1013 

Ub  Sample  ID: 

¥U1H15-2£A 

Dale  Recmed:  UK/3013 

Sample  Ty  pe. 

EO-CHEK 

Ak  VqI  CL>: 

wla 

AmM:  B?, 

Sue  Idtiilie: 

::ggz 

Ajprmr:  DibkSD 

Simp lr  Lot  jEmb 

Prep: 

INDUSTRIAL  HYGIENE  ORGANICS  SAMPLE  PEEP 

Frep  Date  102^2013  IJKtftD  AM 

J^poran? 

CiariitFJitiiiJi 

Limit 

Analyte 

""TSi . 1 '  "S^)T . cw"] 

("EJ _ 

Quil 

BF 

Bale  i1  Time  Aaatyzai 

Hlftrgd  *ti*r*ra» 

ijd-HDI  UonoirerK 

13-^CHK  IJltSOCYAMATES 

-412BD 

QJESC 

2 

10M]I3  33122  AM 

1J641D!  Q»g™nc 

4Q1 

272 

- 

QJB0 

1 

M  W3C  13  *  J*  IfcAU 

Page  it  oM  7  Pages 
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C  Bear  Sample  ID: 
Lab  simple  ID: 
Tt?' 

Am  VU0_): 

&lf  Jdrnn  Rp-z 
Sample  Lot  .a  Iw«l: 

Pifp 


luJirAxi.it  th  |icur  Krjju-i  r  of  Allah  \u 
for 

SI  AAEKWSGfB 

Y.»rbftrd#i  £1310015 

Project: 

Daw  Refrt+4  1133*2013 

»cw 

SUIH14-29A 
EO-CHEE 
14.B2 

<™z 

CSDUSTTUAL  HHBENE  ORGANICS  SAMPLE  PPSP 


Date  5a  mpJfl:  5  3<Ji'2013 
Fi-nf-rf-  Jftl^CUl 

Analyst:  E?. 

Apprtw:  EiSJiSD 

Ftf*p  D*rt:  10  2/3013  8.00  DO  AM 


Cbactairiti« 

JSpaznL- 

liHUI 

Alible 

--M . i-^^i 

JE£2li 

_ _ 

QhI 

DF 

Dale  lime  AhKz ed 

WeHM  1  SQ-&£K  CNpMKYANATES 

IJfr+IDI  U&nom*rtc  4I2N  -fiOlflS 

ije-HDI  Mgcnrerc  ufts  Q.110 

o  z«  z  ■iMMijszd'SiMi 

0.50C  1  tl1il2Dr2D13  £  _2  r  _2 1  AM 

Clm[  Simp  It  LD 

MOM 

Dale  Smpkd:  *303013 

Ub  Sample  U>; 

¥IH»lti-3QA 

DsleRwwrid:  IV2/3013 

Sample  Ty  pe. 

EO-CHEE 

AkVolCL): 

wla 

AuM:  E?. 

Sue  IdtiHie: 

::ggz 

Ajprmr:  DibkSD 

Simp lr  Lot  jEmb 

Frep: 

INDUSTRIAL  HYGIENE  ORGANICS  SAMPLE-  PEEP 

Prep  Date:  102^2013  IJKtftD  AM 

Reponui? 

Ceavratfatiw 

Limit 

AaalvEe 

. Sei . j'S^'T . '£*>'] 

_ £&! _ 

Qtui 

DF 

Dale  i1  Time  AuLyzhL 

HltFrgd  «ti^r^ra» 

ij6-HDI  Uancfnalc 

ISOCWt  &E&OCYW.TES 

412  BD 

4Lft139 

0JEBC 

2 

1 J  3DT.16AM 

1J&41D!  0»g™nc 

4M 

-HQ-ffMT 

- 

□.SOD 

1 

I1W3C13  5&AM 

Gaiera!  Stun 

■  Ltii  ±ja  iadirirad  r€iflmaE  Jai' 

■  ■  IeJxuzej.'uzuz  dbI  available*  dc  zidF jraKe 

The  cilrilfltfri  CMceEmnoL  2LZ.ro h  wse  stained.  King  ihe  cqUkzuh  itthme  provided  gd  tfcr  >ru'h,--:-=  reqii^EE  fonn 
UxLEsi  After*;*  iuucitid.  ft*  reTiir,  turn  cut  l?«a  iLnni  rarrertad 


QBftlsFkn  ND  -  Nr  Dt^tntd  k  w  Tap  grbaa  L  imr 


S  -  Spit*  Jjtx  T-mr  auhiM  Keypad  mrv,1  Uett 


J  -  Anil  -i  Oir..  .  quaic^aen,  "•  "•■ 


JL  -  ’APZ  riziuk  s::sc  :k  r*;  z-var  i-'  •' 


B  -  Am!t>  is  3h  angcirtJ  Btsi  s  -  VaIbI  3lw  »  ^vurh^^B  mp* 

*  -  Viim  :x-:  »i;  \I.it - ■-  I  — ■-■  -_v  2  -  £x:«4c j  hr-'— ip  i— m 


Page  17  V 17  Pages 
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MEMORANDUM  FOE.:  Capt  Tiffany  Helme 
88AMD3/5GFB 


22  November  2013 


2125  5  th  Street.  Bldg  675 
WRIG1TT-PATIER5QN  APB.  OH  454137 


FROM:  USAFSAM  OF  Indiistnal  Eyprne 

2510  Fifth  Street  Bldg  20840r  Room  W327 
Wright  Patterson  An  Foie*  Base,  OH  45411-7911 

REF.  Order  No.:  Sill 0015 
Deaa  Capt  Tiffany  HeLnie 

Enclosed  are  the  sample  reports  com  23  samples  received  on  10  2  2011. 

Samples,  not  consumed  m  analysis,  will  be  held  according  to  the  appropriate  regulatory 
authority-  unless  you  specifically  request  otherwise.  Should  you  choose  to  reproduce  this  report, 
we  recommend  you  do  so  in  its  entirety  so  i hat  the  integrity  of  the  data  package  is  kept  intact. 

If  you  have  questions,  or  if  we  may  be  of  further  assistance  to  toll  please  do  not  hesitate  to 
contact  us 

Sincerely. 


ERIC  L  WEATHERHOLT,  Capt,  USAF 
Analytical  Services  Program  Manager 
Tel  (937)  938-2523  (DSNP»fi.v  798) 
https:  kx.afois.mil  chemlah 

Note  Sample  analysis  performed  by  USAFSAM'OE  Chemistry  Dm? ten 


ThlE  r=cort  *  frier  mc  SDlen  ifcr  3ie  purpose  or  Tte  kceo"  to  '*Mn  ft 
«  a£Kt*fcft3  if  twum  in  <rttr.  mff  m  Pregrfrr  wjr^gtr 


Fage  1  D*i4  aao=s 
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OAT  SAM  OE  Industrial  Hygiene 


C  LIE  NT:  ES  AMDS  SGPB 

***>“'  CASE  NARRATIVE 

L&b  T\'wt  Ordfr :  si  3  ]  qoi  5 

There  were  do  problems  associated  with  the  samples  or  analysis  except  where  noted  below.  Unless 
otherwise  noted  sample  results  are  not  blank  corrected ,  and  all  quality  control  assorted  with  the 
samples  were  within  acceptable  limits. 

These  results  relate  only  to  the  items  tested. 


2  y  1-1 
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dimt  Simple  ID; 
Lib  Simple  ID: 
Simple  iTpt' 
.WVfllfL): 

&*r  fimltfir 
Simple  Locian: 
Pup 


iudu^iui  Rrpui'T  tit  An  ah  us 

for 

31  AMDSSGFB 

WwbOriir  suioois 

Praject: 

Ihli  Sgyartd  [  |  13- 

:cw 

SIJKH154IA 
ISQ-CREK 
KA 
01CI&2 
BbsI 

INDUSTRIAL  ECYG1EKE  ORGANICS  SAMPLE  PEEP 


Dite  Sampled:  P  '2013 
Due  Eh  wed:  MV120U 

Airirct:  BE 

Appiori-r:  Ih'bJlSD 
Prep  Di  ei.  Id  L'2013  fl  Ofr  DO  AM 


Cancewra  boo 

EfpniCmT 

Limit 

AhNt 

. ■.«! . i...iM.tfj.i.... 

w 

Qnl 

DF 

Dale  TimrAuLrzrd 

MfeTKd  -Sal&rBPCa  iSQ-CHEK  CHBOCYANATES 

1J-HCM  HOftCrffW  -03W  -  -  Q-S30  3  lOMU  &2frl7«i 

UE-HDI  CHgnrcre  -4L500  -  -  Q.5X  1  ll^tSHHia 11:44:20  PM 


L  btnc  Simple  ID : 
Lib  Simple  ID 
Simple  I ype: 

Air  VoiCL): 

Sim  IirLifier 
Simpb  Loci  Bun, 


JOH 

SI31W1HHA 

ISO-CEEE 

1 $  u 

oaraz 

Sa&] 


Dll*  Sampled:  sa.'3 013 
Due  Referred-  lOMOU 

SK 

Apprfrer:  BabkSD 


Prep- 


INDUSTRIAL  HYGIENE  ORGANICS  SAMPLE  PEEP  Frep  Di  te :  10  2  2013  S  OftOO  AM 


Reports:? 

CwHlnti# 

Li  mi* 

Aarirtc 

|«S)  1  (ppm)  i 

ce 

Qul 

DF 

Dale  Time  ajliIyihL 

Mi  mod  ffiiMft  K* 

U6+IDI  IMnuic 

150-CKk  CHi50CyajwTE5 

*0360 

*0.11135 

Q.25C 

2 

1Q/&2ai3  6:51:46  AM 

i  J-HDn  Cngom*re 

-0-500 

-0.0330 

- 

o.aoo 

1 

iihAQU  i2  jti:£e-AU 

Page  3  mf  14  Pages 
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Ciiat  Strap  It  ID; 
Lib  Strap!*  ID: 
S^rapif  iTpt' 
AitVaL  (L): 

&*r  IdnEifif  f: 
Strap!*  LoctiMa,: 
Fi*p 


li3  Ju  'j  [i  i.i  t  R>poit  tit  An  ah  us 

for 

31  AMDSSGFB 
WwbOriir  Sill  0013 

Project: 

hit  Sgyartd  !  I  15 

icm 

sukkiisosa 

30-iTHEK 
IS. 14 
OiOti 
Brel 

INDUSTRIAL  HYOTKE  ORGANKS  UMKE  PREP 


Dili  Sampled:  P 2<5'2013 
Oai«RKbj'.*dl.  30 1/5013 

Airirct:  B2. 

Appiori-r:  DtbJiSD 
Fr*p  Dt  [*:  10  1-1015  6.00  DO  A.M 


Cancewra  boo 

RiporEuT 

Limit 

AhNt 

. Ml . i...lM.Bfl.i... 

■aeffij 

w 

Qlil 

DF 

Dt(*  Tiro#  Aulrzrd 

MfeTwd  -Saterepca  iSQ-CHEK  DBDCTjWlTES 

1J-HCM  HOftCfflWVt  -03W  -O  Oifll  -  0-Jj»  2 

1J-HDI  OigDfrerc  4fcD  3.04  -  Q.&X  1  till W»13 1:15=31  Ml 


(.  ta«n[  Strap!*  ID : 
Lib  SirapfelB 
Strap!*  Type: 

Air  VoiCL): 

Sin  Id-rarifitr 
Strap!*  Lot  iEi:<n 


1005 

SI31W1544A 
ISO-CHEX 
1$  14 

oaraz 

Sa&] 


Daw  Sattpkd:  3ifl/101J 
Uiif  RtctiTfd: 

SH 

Apprtrer:  BabkSD 


Prip1 


INDUSTRIAL  HYGIENE  ORGANICS  SAMPLE  PEEP  Fr*p  Da  Ki :  10  2  2013  5:00:00  AM 


Repo  ran? 

tmcmtMm 

Li  mil 

Audyie 

|«S)  1  (ms  !  «  I 

(D 

Qltl 

DF 

Dale  Tun*  ailiIyihL 

Willed  HferinEi 

IJj-HDI  MHlC 

150-CKk  «QCYAMffle» 

<02% 0 

*Q.D135 

Q2m 

2 

IQfflffllU  7=36:37  AW 

i  J-Hpi  Oigorntrc 

no 

- 

Q.m 

I 

□age  4  ejt  14  Pages 
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Ciiat  Strap  It  ID; 
Lib  Strap!*  ID: 
S^rapif  iTpt' 
.4rVal(L): 

&*r  IdnEifif  f: 
Strap!*  L«ttiM,: 
Fi*p 


li3  Ju  'j  [i  i.i  t  R>poit  tit  Aualuis 

for 

31  AMDSSGFB 
WwbOriir  Sill  QOl  3 
Praject: 

hit  Sgyartd  !  1  13- 

M33031545A 
30-iTHEK 
IS. 14 

o:oez 

Eo^.l 

DIDL^miAL  E-TYG1EKE  ORGANKS  SAMPLE  PREP 


Diti  St  rapiltd:  9  2fr'2013 

Oti<RKbj'.*dl.  30 1/501 J 

Airirct:  B2. 

Appiori-r:  Ih'bJlSD 
Fr*p  Dt  [*:  10 1.3013  &.00  00  All 


Cancewra  boo 

RipnrEur 

Limit 

AhNt 

. Ml . i...lM.Bfl.i... 

■aeffij 

w 

Qlil 

m 

Dal*  Time  Aulrxtd 

MfeTKd  -SaterBPGa  iSQ-CHEK  CHBOCYANATES 

iJ^HC*  HOftcmwvt  -03  W  -MU*  -  0-S30  3 

1J-HDI  OigDfrerc  23.0  1jB5  -  0.5X  1  1 1muran 32:46:41  AM 


C  btnc  Strap!*  ID : 
Lib  SispHt  iP 
Simp  I*  Type: 

Air  VoiCL): 

Sin  Iirarifitr 
Strap!*  Lot  iEi:<n 


JC05 

SI31W1HHA 

ISO-CHEE 

1 $  u 

OMfiZ 

&K3 


Dim  SarapJ*d: 

DM*  RtcttTfd:  3&1-201J 

SH 

Appfwrer:  BabkSD 


Prip1 


INDUSTRIAL  HYGIENE  ORGANICS  SAMPLE  PEEP  Fr*p  Dt  ti :  10  2  2013  S  OftOO  AM 


Rapa  ran? 

CWHMifl 

Li  mil 

Aarirtc 

'■£3  [  C“?  ^3  1  (PPm;  | 

(D 

Qltl 

DF 

Dale  Tun*  Mpri 

Willed  UlrinEi 

1JI-HDI  Pono^s 

150-CKk  CHi50CyajwTE5 

*0230 

*0.0135 

0.25C 

2 

W52013  521:25  W 

i  J-Hpi  Oigorntrc 

K-1 

S€3 

- 

o.w» 

I 

Mtiwj&imiEum 

^age  5  dt  14  Pages 
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In  if  u  j  ei  ill  L  H;.  sirne  Report  of  Au.ih  iis 

for 

31  AMDSSGFB 

SUarLOrdf]  51!  1003$ 


C  iiat  S'mpItlD 
Lab  SunpItlD: 

^mp|(  iTpt- 

.4rVal(L): 

&*r  HmMu 
Samp  If  Locaan: 
Prtf. 


Prajea: 

Pali  Sgyartd  |j  I  il 

:c& s 

SI3ILH1547A 
TSQ-iTHEK 
IS. 14 
OlOK 
Btfn2 

INDUSTRIAL  HYGIENE  ORGANICS  SAMPLE  PREP 


Dati  Sampifed:  ?  2tf201! 
Du*RH«-r*d:  30 1/201 J 

Amtfrct  B2. 

Appiori-r:  Dibit  SD 

Pr#p  Da  it:  10  1101!  6.00  DO  A.M 


Caac&Mra  boo 

RtporEur 

Limit 

AhNt 

. mi . i...iM.Ba.i.... 

■aeffij 

w 

Qiil 

DF 

Daiv  Time  Aulrzrd 

MfeTKXJ  ^aftrepca  iSQ-CHEK  CHBOCYANATES 

iJ-HCm  -0-2W  -OOiflb  -  0-2W  2  1DM0(lMcSS.*U 

1J-HDI  OigDfrerc  65  J  J.32  -  0.5X  1  11i'fggH34rf7:47  W 


L  ta«BE  Sampl#  ID : 
Lib  Simply  ID 
Samp  It  Type: 

Air  VoiCL): 

Sin  IirLifi^r 
i  j:rpk  Lc<aEi:n 


K07 

S3  3  3  KU-CSA 
ISO-CHEJI 
1$  14 

ok m 

2m2 


Daw  SampJtd:  5  201013 
DiifKK^nj  MMOH 

SH 

ApprfiHr:  BabkSD 


Prip 


INDUSTRIAL  HYGIENE  ORGANICS  SAMPLE  PEEP  Frtp  Da  Si :  10  I  201!  9:0000  AM 


Ripanin? 

ChchOhOh 

Limit 

Aarirtc 

•  -■S)  1  (n*S  ■*)  \  (PP*  ! 

(■tf 

Qul 

DF 

Dale  Tim*  ajuIvi hL 

Minted  Rriirt  Mi 

i^+iCH  Pono-r^s 

I5Q-Ct*s  CHt$OCYAJWTE5 

DIM 

0:i9: 

0.2X 

2 

TOE  20 13  5nH:21  AM 

f  .i-HDl  Cngom*fxi 

W 

lU 

- 

Q.aoo 

1  S:it2Cl3  7  SC  Sd  AM 

^sgeE  aru  P3ges 
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In  if  u  j  ei  ill  L  H;.  sirne  Report  of  AuaD  iis 
for 

31  AMDSSGFB 
SUarLOrd*]  51!  1003$ 


C  iiat  Simple  ID 
Lab  Sample  ID: 
S^mplf  iTpt- 
.4rVal(L): 

&*r  HmMu 
Samp  If  Locaan: 
Prtf. 


Project: 

Pali  Sgyartd  |j  I  il 

icm 

snicois^A 

ISO-UHEK 

lilt 

02flK 

a*n2 

INDUSTRIAL  lA'GCEKE.  ORGANICS  SAMPLE  PREP 


Date  Sampled:  ?  ZftlOl! 

Oai<RKbj'.«dl.  30 1/201 J 

Airirct:  BS. 

Appiori-r:  Ih'bJlSD 
Pr#p  Da  It:  10  1101!  6.00  DO  A_\l 


LOlKeEs'J.lbOii 

J-  rp-C  ■:  L  " 

Limit 

AhNt 

. ■.«! . i...iM.tfj.i.... 

■aeffij 

w 

Qwl 

DF 

Dale  Time  Aulrxtd 

MfeTKd  ^aftrepca  iSQ-CHEK  CHBOCYANATE5 

i  J^HC*  MmuM  0J-»  OOS?!  -  0-S»  2  ID'HOUftttO**' 

UE-HDI  CHgHTCTC  mt  5.79  -  0.5X  t  tlMBHltt  IMRA1  AM 


L  ta«BE  Sample  ID : 
L>b  s*mhm 
iimpk  Type: 

Air  met*: 

She  IdeL^fier 
i  j:rpk  Lc<aEi:n 


1C» 

S3  33031 5-10  A 
ISO-CHEE. 
1D(W 
flMfiZ 

Sox  3 


DawSampJtd:  5  151013 
Dm  Ricmri'  3D  i-20IJ 

SH 

Apprrar:  Bible  SD 


Prip 


INDUSTRIAL  HYGIENE  ORGANICS  SAMPLE  PEEP  Frep  Da  It:  10  I  201!  S  WOO  AM 


Repo  ran? 

ChchOhOh 

Limit 

Aarirtc 

Si  i  ("6^)  !  W 

(■tf 

Qul 

DF 

Dale  Tim*  Analyzed 

Minted  ffiriirtK* 

U6+IDI  Ikoric 

150-CKk  CHi50CyajwTE5 

<Q2W 

*XQ27& 

0.2X 

2 

KM/SQ  13  951:1  BAM 

f  .i-HDl  Cngom*fxi 

-WOO 

■ "  i+  ai- 

- 

Q.aoo 

1  S.'  lil  2Cl3  t  SE  \*.  AM 

Page  7  oF  14  Peges 
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In  if  u  j  ei  ill  L  H;.  siene  Report  of  Au.ih  iis 
for 

31  AMDSSGFB 

w«rbOri«rr  simoon* 

Praject: 

Dan  Bjporm  U  22  * &  13- 


Cleat  Simple  ID: 

:cio 

Date  Sampled: 

S2W2013 

Lab  Sample  ID: 

Sim  Ml  A1IA 

Due  Retired: 

laasau 

Sirnplf  T^pt' 

30-CHEK 

ArVoljL): 

15.14 

Analyst: 

BE. 

&n  rimltfar 

020  « 

Afpmrr; 

DifcUSD 

Sample  LwaiiM,: 

Bra  3 

Peep 

INDUSTRIAL  HYGIENE  ORGANICS  SAMPLE  PEEP 

Prep  Dace: 

10  ftfflVU  a. 00. 00  AM 

taBcewra  boo 

KepniCmr 

Limit 

Ajdrfc 

. ■.«! . i...iM.w?j.i.... 

w 

DF 

Dale  Tim*  ABalned 

Mhtn Od  ^a^E-renca  (SO-CrtE<  CHEOCYAWEE 


IJ-HCM  wafte-T^t 
I.6-HDI  OlgoiTerc 

i.  hem  i  impLt  ID : 
Lib  Simple  IP 
Sample  Type: 

Air  VoiCL): 

Sin  Idrarifier 


2C1! 

SUIQQ1S-1M 
I5G-CHEK 
I*  i4 
OfiZ 


t*iJ  0S2R6 

47.5  3.14 


Simple  LoC  iEi:<D  B«3 

Prep  INDUSTRIAL  HH3KME  ORGANICS  SAMPLE  PEEP 


0£sG  2  i&i.'gQfi  i0  34  W  am 

q.E-X_ 1  li/i  fagDI  3  9:3£  46  AM 

DakiamiJcd: 

dm*  Rtc#rrf4-  iwimn 

Av*r*:  3H 
Ipprrnr:  Bible  SZ 


Frep  Date:  10  2  20] 3  B  WM  AM 


Repo  ran? 

tmcmtMm 

Li  mil 

Analyte 

|«S)  1  j  (ppm)  j 

(D 

Qflil 

DF 

Dale  Time  Analyzed 

Milled  HferinEi 

li-Hffl  Pono^s 

150-CKk  CH10OCYJWATE5 

*0330 

*0.0135 

0.25C 

2 

1D.'52Q13  10*5537  AW 

i  J-HCa  Otqmtrc 

-0AW 

-tuuw 

- 

o.soo 

I 

^1,'TMOHJ  10  32:22  AH 

5  nr  w  pmss 
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C  if  at  Simple  ID: 
Lab  Simple  □>. 
Sifflplf  iTpt' 
.4rVal(L): 

Sample  Locaa.Hi: 

Piep 


li3  Ju  'j  [i  i.i  t  R>poit  tit  An  ah  us 

for 

31  AMDSSGFB 
WwbOriir  Sill  0013 
Prajea: 

Da  it  Sgyartd  1 1  13- 

3CI2 

SL31M15-1SA 
rSQ-CHEK 
IS. 14 

PIDL^miAL  E-TYGIEKE  ORGANICS  SAMPLE  PEEP 


Date  Sampled:  9 2fr'2013 
Due  Em  wed:  50  a-^011 

Airirct:  BE 

Appianr:  fKHlSD 

Prep  Da  it:  10  L'2013  6.00  00  AM 


Cancaura  boo 

RrporELBT 

Limit 

AhNt 

. ■.«! . i...iM.tfj.i.... 

■aeffij 

w 

DF 

Dale  Time  Aulrzrd 

Mbm od  ^a^rancfl  iSO-CrtE<  CHtSOCYAWEE 


i  J-HCM  HOftCrffW  0  «e  0  C3*S  -  0-S30  2  1 0'S.20 13  1 1 2Q  $e  AU 

1J-HD1  Oigorrerc  &2J  i.15  -  O.KK  1  m«mi^51AU 


(.  bene  Simple  ID : 
Lib  Simple  ID 
Sample  Type: 

Air  VoiCL): 

Sim  Identifier 
iimpk  L«.ati:n 


4G0I 

S1310315-UA 
rSO-CHEE 
i$  H 
m$z 

S4K4 


Dan  Sampled:  sa.'l 013 
Due  Referred-  MMOH 

SK 

Apprrar:  BabkSD 


Prep 


INDUSTRIAL  FTfGIEKE  ORGANICS  SAMPLE  PEEP  Frep  Da  t« :  10  2  2013  5:00:00  AM 


Repo  ran? 

Chch4h0« 

Li  mil 

Aarirtc 

Si  i  ("6^)  !  W 

(D 

Qial 

DF 

Dale  Time  Analyzed 

Minted  Rriirt  Mi 

U6+IDI  ItonHic 

150-CKK  CmSOCYahATC* 

<0360 

<3  0132 

0.25C 

2 

1TC££113  11:43=22  AM 

!  e-MDl  Cngom*fxi 

-WOO 

-04336 

- 

o  m 

11.’ 11,13  IS  1133:27  AM 

3sge9  dti4  P3ges 
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Ciiat  Strap  It  ID; 
Lib  Strap!*  ID: 
S^rapif  iTpt' 
.4rVal(L): 

&*r  IdnEifif  f: 

Strap!*  L«ttiM,: 
Fi*p 


li3  Ju  'j  [i  i.i  t  R>poit  tit  An  ah  us 

for 

31  AMDSSGFB 

WwbOriir  Sill  QOl  3 

Prajta: 

hit  Sgyartd  !  1  13- 

4CEK2 

SU 1M1J-15A 
3Q-CHEK 
15  JS 
020K 
Tkfc4 

DIDL^miAL  E-TYG1EKE  ORGANKS  SAMPLE  PREP 


Diti  St  rapiltd:  9  2ifr'2013 

Oti<RKbj'.*dl.  50  a-^oii 

Airirct:  B2. 

Appiori-r:  DtbJiSD 

Fr*p  Dt  [*:  10  1-1015  6.  W  00  A.M 


tancenira  boo 

EtpaiCmr 

Limn 

AhNt 

. mi . i...iM.Ba.i.... 

■  MSB.] 

w 

DF 

Daif  Tim*  Aulrzrd 

H&ttnd  ^a^rancfl  iSO-CrtE<  CHEOCYA.WEE 


IJ-HCM  WOftp-T^t 
I.6-HDI  OlgoiTerc 

L  b&nc  Strap!*  ID : 
Lib  SirapfelB 
Strap  I*  Type: 

Air  VoiCL): 

Sin  IirLifitr 
Strap!*  Lot  iEi:<n 


-» COJ 

hjihus-im 

ISO-CHEE 

oaraz 

Bn  4 


-cm  ^coies 

3£.0  2JB 


Prip1 


INDUSTRIAL  HYGIENE  ORGANICS  SAMPLE  PEEP 


Cm  2  iQMii  i£4g4$Pu 

a.5x  t  iinrama  iz3S:m  ph 

DtkSaraiJcd:  9 16 1013 
Di!fR*c#rrf4-  10  2^013 

A**r±  SH 
Ap-pr^fr:  Bible  SZ 


Fr*p  Diti:  10  2  20]  3  B  W  OO  AM 


Raponin? 

Li  mil 

Audyie 

i«S)  1  ^ra*)  j  (ppm)  j 

(D 

Qfltl 

DF 

Dale  Tun*  ajliIyihL 

MfllTod  HferinEi 

fiJj-HDI  MHlC 

150-CKk  CHi50CyajwTE5 

*0330 

*0.0132 

0.25C 

2 

m'320113  1220:11  PM 

i  J-Hpi  Oigomtre 

BU 

1-si 

- 

cm 

I 

P3ge  10  DT  1 A  P3ges 
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Ciiat  Strap  It  ID; 
Lib  Strap!*  ID: 
S^rapif  iTpt' 
.4rVal(L): 

&M  IdnEifif  f: 

Strap!*  L«ttiM,: 
Fi*p 


li3  Ju  'j  [i  i.i  t  R>pait  tit  An  ah  us 

for 

31  AMDSSGFB 
WwbOriir  Sill  QOl  3 
Prajta: 

hit  Sgyartd  !  1  13- 

4CW 

51 31 0315-1  ?A 
30-iTHEK 
1 536 

3cn4 

DIDL^miAL  E-TYGIEKE  ORGANICS  SAMPLE  PREP 


Dili  St  rapiltd:  9  ^'2013 
Dti*RH«-r*d:  50  a-^oii 

Airirct:  B2. 

Appiori-r:  Ih'bJlSD 
Fr*p  Dt  [*:  10  L'2013  fl  Ofr  00  A_\l 


tanc&Mra  boo 

KfpniCmT 

Limn 

AhNt 

. mi . i...iM.Ba.i.... 

w 

DF 

Dali  Tin*  ABtlrxtd 

Mhtn od  -saterepca.  iSO-CrtE<  CHEOCYAWEE 


IJ-HCM  uaftpfPiPt 
I.6-HDI  OlgoiTerc 

L  htnc  Strap!*  ID : 
Lib  SmpfelD 
Samp  I*  Type: 

Air  met): 

Sin  Iirarifitr 
Strap!*  Lot  iEi:<n 


4C0S 

S13HN1MKA 
ISO-CHEE 
!$  H 
m$z 


-o^w  -ooias 

*fljSQQ  *=0.0326 


Prip1 


INDUSTRIAL  HYGIENE  ORGANICS  'SAMPLE  PEEP 


0.2m  2  tiHWU  i2»  »  Pii 

a.E-X_ 1  11/16*201.3  *2E  :55  PM 

Dtu  SmpJ*d: 

Dim  Rk«twi  iq nmn 

A**r±  sn 

Appnvrer:  DtbkSZ 


Fr*p  Data:  10  I  2055  M  M  AM 


Rapa  nil? 

CWHMiH 

Linnrl 

Asrirtc 

i«S)  1  (ppm)  j 

(■* 

Qltl 

DF 

Dale  Tun*  ajliIyihL 

Rifllltod  HferinEi 

1JI-HDI  Pono^s 

i5Q-C«k  CHi^OCya mate? 

D3*5 

0.0225 

0.25C 

2 

IQ;  £20 13  1:125@PM 

i  J-Hpi  Otqmtrc 

« 

3.2$ 

- 

0.«» 

t 

1  i:ii.2Cl3  i  12  J4  l^M 

P3ge  11  dTU  pkks 
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Ciiat  Strap  It  ID; 
Lib  Strap!*  ID: 
S^rapif  iTpt' 
.4rVal(L): 

&M  IdnEifif  f: 
Strap!*  L«ttiM,: 
Fi*p 


li3  Ju  'j  [i  i.i  t  R>pait  tit  An  ah  us 

for 

31  AMDSSGFB 
WwbOriir  Sill  QOl  3 
Prajta: 

hit  Sgyartd  !  1  13- 

4CM 

SIJILM15-10A 
30-iTHEK 
HJ-4 
020K 
Bo*5 

D  ID  LS  TRIAL  E-TYGIEKE  ORGANKS  SAMPLE  PEEP 


Diti  Strapiltd:  P  2ifr'2013 
Dti*RH«-r*d:  30 1/501 J 

Airirct:  B2. 

Appianr:  XhSJl5D 

Pr*p  Dt  [*:  10 1.3013  SO*  00  AM 


taBcewra  boo 

KfpniCmT 

Limit 

AhNt 

. mi . i...iM.Ba.i.... 

M 

Qlil 

DF 

Dali  Tim*  ABtlnwl 

H&ttnd  -Saterepca.  iSO-CrtE<  CHEOCYAWEE 


IJ-HCM  uaftpfPiPt 
I.6-HDI  OlgoiTerc 

L  ktai  Strap!*  ID : 
Lib  SirapfelB 
Samp  I*  Type: 

Air  met): 

Sin  Iirarifitr 
Strap!*  Lot  iEi:<n 


4007 

S131KU-2QA 

ISO-CEEE 

!$ 

m$z 


-C0JT3 

ESA  551 


Prip1 


INDUSTRIAL  HYGIENE  ORGANICS  SAMPLE  PEEP 


0-4»  3  Umfl13R1BPn 

Q.5QC_ 1  11/1  E*gD  13  5:53:03  Pti 

DiuSarapltd:  SIdlOlS 
Dim  Rk«twi  ioiqou 

A**r±  3H 
Apprarer:  Bible  SZ 


Fr*p  DiKi:  10  2  2033  S  WOO  AM 


Report** 

CwPHtTftitB 

Li  mil 

Asrirtc 

|«S)  1  (ppm)  j 

(D 

Qltl 

DF 

Dale  Tun*  Amiyi *d 

Rifllltod  HferinEi 

fiJj-HDI  MOHflC 

150-CKk  CHtMYJuwrES 

<0330 

<3  0132 

0.25C 

2 

ia-E2ai3  157!45NI 

i  J-Hpi  Oigomtre 

-MOO 

-04331. 

- 

o.w» 

t 

1  i/ifrJOij  s  4J  li  Pp 

¥ '3ge  12  dtu  P3ges 
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In  if  u  j  ei  ill  L  H;.  zient  Report  of  Auah  iis 
for 

31  AMDSSGFB 

w«rbOri«rr  simoon* 

Praject: 

Dai*  Bjporm  U  22  * &  13- 


C  beat  Simple  IT 

MM 

Date  Sampled: 

936/2013 

Lab  Staple  ID: 

SU  LEB15-3  SA 

Due  R««Ttd: 

laasau 

54fflplf  iTpt' 

7SQ-CHEK 

AitVaL  (t): 

1434 

Analyst: 

BE 

&*r  riHliiT 

O30&Z 

Afpmrr; 

DMSD 

Sample-  Locaan: 

Bars  5 

Prtf. 

INDUSTRIAL  HYGIENE  OfijQflKS  SAMPLE  M_EI> 

F: tp  Diet: 

10  i'MlJ  a. 00. 00  AM 

Cant  hues  bofl 

RepDiEur 

Limit 

AhNt 

. ■.«! . i...iM.tfj.j.... 

w 

df 

Dale  Time  Aulrzrd 

Mhtn Od  ^a^E-renca  iSO-CrtE<  CHtSOCYAWEE 


ij-HCi  mwfmm 
IjBHiDI  OlgoiTsrc 

UR 

35.0 

0«OJ 

2.44 

0J» 

0  3JH 

2  1W»  U  2Afc34  fw 

1  11/1 H2Q13  729C1 3  PM 

L  h«n[  Sample-  ID : 

4005 

Dave  Sampled: 

93ft.30D 

Lib  Staple  ID 

*nm\hi2A 

Dm  Rh«th|- 

2/2013 

Samp  It  Type: 

ISG-CHEE 

At  VoiCL): 

BSJ4 

AH^*: 

BE 

5m  IirLifi^r 

tffltoZ 

Appfwrer: 

Bible  SD 

Sample  LkjeLdh 

Ben;* 

Prep 

INDUSTRIAL  HYGHNE  ORGANIC’S  SAMPLE  PEEP 

Frep  Date: 

10  2;2013  B:HMW  AM 

Repo  ran? 

tHewtrstta 

Li  mil 

Analyte 

Si  i  (-eS) !  W 

(D 

Qial 

DF 

Dale  Tim*  Analyzed 

Minted  nathra  in 

1J6+IDI  ItoOHic 

150-CKK  CH15O0YAJ WTE5 

*0250 

*3.0132 

0.25C 

2 

1(VBi.ai13UGflTm 

f  .i-HDl  Cngom*fxi 

say 

3  $4 

- 

0  600 

1  S/lt2Cil3  t  UJ^  PU 

Page  13  on  4  Pages 
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In  if  u  j  ei  ill  L  H;.  siene  Report  of  Auah  iis 
for 

31  AMDSSGFB 

w«rbOri«rr  simoon* 

Praject: 

Dai*  Bjpor  m  U  22  * &  13- 


Cliiat  Simple  ID: 

4C10 

Diti  Sampled: 

S2W2013 

Lib  Simple  ID: 

5U1M1J-11A 

Due  Eet«r*d: 

i&asau 

Sample  iTpt- 

3Q-CHEK 

ArVoljL): 

UJfi 

Analyst: 

BE 

&*r  riHltiT 

$mz 

ApIFrmr: 

DMSD 

Simple  Locian: 

Ben  5 

Piep 

&TDUST1UAL  HYGIENE  OEGANICS  SAMPLE  PEEP 

Prep  Dice: 

10^3013  a. 00. 00  AM 

L0li(  b-l-ii 

Kfpnitia* 

Limit 

AhNp 

. mi . i...iM.Ba.j.... 

■aeffij 

CD 

DF 

D-Ke  Time  Aulrxtd 

Mfemod 

i  J-HCh  i»ftCrfnint 

130-CHE<  CH©QCYAWE£ 

4» 

-*0192 

. 

0-290 

2 

i&M0(3S37;3iPw 

1JB-HH  CMgomerc 

43J3 

£.06 

- 

0.5X 

1 

i  Pisano  zmsAm 

GeninC  NflUt  ? 

LfiLs  !L4  lauiiiiad  ttsdrims  jeui 
-  TwtWmahai  “-Ql  iTilllM'lE  V  301  I^pjCaKi 

The  mJg  nsr  wls,  ctCuifci  :wa*1i*  calcium,  t  c.ume  =:ttid«L4li  tta  liLlh'tu  nqutoE  fcnc. 

Unltis  odLerwis  inciirad.  The  san^e  isfic  havE  net  teai  Dlank  coneced. 


■QTiabfjf r:  ND  -  Kcc  It:vT»J.  3:  ii  5_s p «:  r"_j_:  Ik;- 

B  -  .Anar-:  d^rrersd.  lb  rzm  ihj:^ i  Hwfakl  5  ■■-  ■ 

'  ■  Villi  iXi-Hhl.  Mill  i  nh— ■  J  j«  iJ 


S  -  Spikt  ?*:  :‘  ir  cur^aa  Bc-c^ni  na:  r  it--  Kp— . 
A  ■  APO  Uatfa 

E  -  YiEjg  abitr.T*  ^laurn"  :□.  ramp 

M  ■  £.*..  nl<  L  .  .J _ l±  r-^-ji 


Page  u  nr  1 4  Pages 


94 


REFERENCES 


Abadin,  H.,  and  Spoo,  W.  (1998).  Toxicological  Profile  for  Hexamethylene  Diisocyanate. 
Agency  for  Toxic  Substance  and  Disease  Registry.  Atlanta:  U.S.  Department  of 
Health  and  Human  Services. 

Air  Force  Corrosion  Prevention  and  Control  Office  (AFCPCO/RXSSR  (2013).  Technical 
Manual-  Application  and  removal  of  organic  coatings,  aerospace  and  non¬ 
aerospace  equipment,  TO  1-1-8. 

Andersson,  K.,  Gudehn,  A.,  Levin,  J.,  &  Nilsson,  C.  (1983).  A  comparative  study  of 
solvent  and  solvent-free  sampling  methods  for  airborne  4,4'-diphenylmethane 
diisocyanate  (MDI)  generated  in  polyurethane  production.  American  Industrial 
Hygiene  Association  Journal,  44(  11),  802-808. 

ASTM  Standard  D6561-06,  2011,  "Standard  Test  Method  for  Determination  of  Aerosol 
Monomeric  and  Oligomeric  Hexamethylene  Diisocyanate  (HDI)  in  Air  with 
(Methoxy-2-phenyl-l)Piperazine  (MOPIP)  in  the  Workplace,"  ASTM 
International,  West  Conshohocken,  PA,  2011,  DOI:  10.1520/D6561-06R1 1, 
www.astm.org. 

ASTM  Standard  D6562-12,  2012,  "Standard  Test  Method  for  Determination  of  Gaseous 
Hexamethylene  Diisocyanate  (HDI)  in  Air  with  9-(N-methylaminomethyl) 
Anthracene  Method  (MAMA)  in  the  Workplace,"  ASTM  International,  West 
Conshohocken,  PA,  2012,  DOI:  10.1520/D6562-12,  www.astm.org. 

Bakke,  J.,  Noren,  J.,  Thorud,  S.,  &  Aasen,  T.  (2001).  International  consensus  report  on: 
Isocyanates-  risk  assessment  and  management.  Nordic  Council  of  Ministers. 

Batten,  T.  (2012).  Base  level  guide  for  the  occupational  exposure  to  isocyanates.  (AFRL- 
SA-WP-SR-2012-0003).Air  Force  Research  Laboratory,  Occupational  & 
Environmental  Health  Risk  Analysis  Division. 

Bayer  Material  Science  LLC.  (2005).  The  chemistry  of  polyurethane  coatings,  A  general 
reference  manual.  Retrieved  01/19,  2014,  from 

http://bavermaterialsciencenafta.com/resources/d/document.cfm?Mode=view&f= 

729593C3-97A4-CC14-F31CED5AFF5DF5BA&d=72977823-CCF4-8B0D- 

003BA154575F4E80&u=ves 


Bello,  D.,  Streicher,  R.  P.,  Liu,  Y.  C.,  Sparer,  J.,  Young,  F.,  &  Woskie,  S.  R.  (2002). 

Field  comparison  of  impingers  and  treated  filters  for  sampling  of  total  aliphatic 
isocyanates  with  the  MAP  reagent.  AIHA  Journal :  A  Journal  for  the  Science  of 
Occupational  and  Environmental  Health  and  Safety,  63(6),  790-796. 


95 


Bello,  D.,  Woskie,  S.  R.,  Streicher,  R.  P.,  Liu,  Y.,  Stowe,  M.  H.,  Eisen,  E.  A., .  .  . 

Redlich,  C.  A.  (2004).  Polyisocyanates  in  occupational  environments:  A  critical 
review  of  exposure  limits  and  metrics.  American  Journal  of  Industrial  Medicine, 
46(5),  480-491.  doi:10.1002/ajim.20076 

Boutin,  M.,  Lesage,  J.,  Ostiguy,  C.,  &  Pauluhn,  J.  (2005).  Validation  of  a  solvent-free 

sampler  for  the  determination  of  low  molecular  weight  aliphatic  isocyanates  under 
thermal  degradation  conditions.  Journal  of  Occupational  and  Environmental 
Hygiene,  2(9),  456-461.  doi:10.1080/15459620500240626 

Brosseau,  L.,  Fang,  C.,  Snyder,  C.,  &  Cohen,  B.  (1992).  Particle  size  distribution  of 

automobile  paint  sprays.  Applied  Occupational  and  Environmental  Hygiene,  7(9), 
607-612. 

Carlton,  G.,  &  Flynn,  M.  (1997).  Influence  of  spray  painting  parameters  on  breathing 

zone  particle  size  distributions.  Applied  Occupational  &  Environmental  Hygiene, 
72(11),  744-750. 

Carlton,  G.  N.,  &  England,  E.  C.  (2000).  Exposures  to  1,6-hexamethylene  diisocyanate 
during  polyurethane  spray  painting  in  the  U.S.  Air  Force.  Applied  Occupational 
and  Environmental  Hygiene,  75(9),  705-712.  doi:10. 1080/104732200501 10121 

Ceballos,  D.,  Whittaker,  S.,  Yost,  M.,  Dills,  R.,  Bello,  D.,  Thomasen,  J.,  Nylander- 

French,  L.,  Reeb- Whitaker,  C.,  Peters,  P.,  Weiland,  E.,  &  Suydam,  W.  (2011).  A 
Laboratory  Comparison  of  Analytical  Methods  Used  for  Isocyanates.  Analytical 
Methods,  3(11),  2478-2487.  doi:  10.1039/Cl AY05225J 

Dahlin,  J.  (2007).  Aerosols  of  isocyanates,  amines,  and  anhydrides:  Sampling  and 
analysis.  (Doctoral  Thesis,  Stockholm  University). 

Dahlin,  J.,  Spanne,  M.,  Karlsson,  D.,  Dalene,  M.,  &  Skarping,  G.  (2008).  Size-separated 
sampling  and  analysis  of  isocyanates  in  workplace  aerosols,  part  I.  denuder— 
cascade  impactor  sampler.  The  Annals  of  Occupational  Hygiene,  52(5),  361-374. 
doi:  10.1 093/annhyg/men0 17;  10.1 093/annhyg/men0 1 7 

Deft,  Inc.  (2011).  Polyurethane  material  safety  data  sheets.  Deft  Chemical  Corporation, 
Irvine,  CA. 

Ekman,  J.,  Levin,  J.,  Lindahl,  R.,  Sundgren,  M.,  &  Ostin,  A.  (2002).  Comparison  of 
sampling  methods  for  1 ,6-hexamethylene  diisocyanate  (HDI)  in  a  commercial 
spray  box.  Analyst,  727(1),  169-173. 

England,  E.,  Carlton,  G.,  &  Greebon,  K.  (1999).  Assessing  worker  exposures  during 
polyurethane  paint  application:  Industrial  hygiene  field  guidance  for 


96 


bioenvironmental  engineers.  (  No.  IERA-RS-BR-TR- 1999-0009). Institute  for 
Environment,  Safety,  and  Occupational  Health  Risk  Analysis. 

England,  E.,  Key-Schwartz,  R.,  Lesage,  J.,  Carlton,  G.,  Streicher,  R.,  &  Song,  R.  (2000a). 
Comparison  of  sampling  methods  for  monomer  and  polyisocyanates  of  1 ,6- 
hexamethylene  diisocyanate  during  spray  finishing  operations.  Applied 
Occupational  and  Environmental  Hygiene,  75(6),  472-478. 
doi:  10. 1080/104732200301250 

England,  E.,  Key-Schwartz,  R.,  Lesage,  J.,  Carlton,  G.,  Streicher,  R.,  &  Song,  R.  (2000b). 
Erratum  to:  Comparison  of  sampling  methods  for  monomer  and  polyisocyanates 
of  1 ,6-hexamethylene  diisocyanate  during  spray  finishing  operations.  Applied 
Occupational  and  Environmental  Hygiene,  76(1),  1-1. 
doi:  10. 1080/104732201456069 

Enterprise  Environmental,  Safety,  and  Occupational  Health  -  Management  Information 
System  (EESOH-MIS)(2012).  Computer  software.  CACI  International  Inc, 
Panama  City  FL. 

Fent,  K.,  Jayaraj,  K.,  Gold,  A.,  Ball,  L.,  &  Nylander-French,  L.  (2006).  Tape-strip 

Sampling  for  Measuring  Dermal  Exposure  to  1-6-Hexamethylene  Diisocyanate. 
Scandinavian  Journal  of  Work,  Environment  &  Health  ,  225-231. 

Gylestam,  D.  (2012).  Isocyanates:  Methodology  for  gas  and  particle  generation, 
sampling,  and  detection.  (Doctoral  Thesis,  Stockholm  University). 

Gylestam,  D.,  Riddar,  J.  B.,  Karlsson,  D.,  Dahlin,  J.,  Dalene,  M.,  &  Skarping,  G.  (2013). 
Dry  sampling  of  gas-phase  isocyanates  and  isocyanate  aerosols  from  thermal 
degradation  of  polyurethane.  The  Annals  of  Occupational  Hygiene, 
doi:  10.1 093/annhyg/met046 

Huynh,  C.  K.,  Vu-Duc,  T.,  &  Savolainen,  H.  (1992).  Design  and  evaluation  of  a  solid 

sampler  for  the  monitoring  of  airborne  1 ,6-hexamethylene  diisocyanate  (HDI)  and 
its  prepolymers  in  two-component  spray  painting.  American  Industrial  Hygiene 
Association  Journal,  53(3),  157-162. 

ISO  17734-1,  Determination  of  organonitrogen  compounds  in  air  using  liquid 
chromatography  and  mass  spectrometry,  (2006E). 

ISO  17737,  Workplace  atmospheres-  guidelines  for  selecting  analytical  methods  for 
sampling  and  analyzing  isocyanates  in  air,  (2012). 

Johnson,  P.  (2013).  Isocyanate  Exposure  Measurement  -  MDHS  25/3.  Midlands  Regional 
Meeting  -  Asthma  Exposure  Isocyanates.  Essington. 


97 


Karlsson,  D.,  Dahlin,  J.,  Marand,  A.,  Skarping,  G.,  &  Dalene,  M.  (2005).  Determination 
of  airborne  isocyanates  as  di-n-butylamine  derivatives  using  liquid 
chromatography  and  tandem  mass  spectrometry.  Analytica  Chimica  Acta,  534, 
263-269. 

Karlsson,  D.,  Dalene,  M.,  &  Skarping,  G.  (1998).  Determination  of  complex  mixtures  of 
airborne  isocyanates  and  amines.  Part  5.  determination  of  low  molecular  weight 
aliphatic  isocyanates  as  dibutylamine  derivatives.  The  Analyst,  123(1),  1507- 
1512. 

Karoly,  W.  (1998).  Stability  of  diphenylmethane  diisocyanate  (MDI)  on  glass  fiber 
filters.  Am.  Ind.  Hyg.  Assoc.  J.  59:  645-647. 

Key-Schwartz,  R.  J.  (1995).  Analytical  problems  encountered  with  NIOSH  method  5521 
for  total  isocyanates.  American  Industrial  Hygiene  Association  Journal,  56(5), 
474-479.  doi:l 0.1080/1 5428 119591016890 

Key-Schwartz,  R.  J.,  &  Tucker,  S.  P.  (1999).  An  approach  to  area  sampling  and  analysis 
for  total  isocyanates  in  workplace  air.  American  Industrial  Hygiene  Association 
Journal,  60(2),  200-207.  doi:l 0.1 080/00028899908984436  ' 

Maitre,  A.,  Leplay,  A.,  Perdrix,  A.,  Ohl,  G.,  Boinay,  P.,  Romazini,  S.,  &  Aubrun,  J. 
(1996).  Comparison  between  solid  sampler  and  impinger  for  evaluation  of 
occupational  exposure  to  1 ,6-hexamethylene  diisocyanate  polyisocyanates  during 
spray  painting.  American  Industrial  Hygiene  Association  Journal,  57(2),  153-160. 

Marand,  A.,  Dahlin,  J.,  Karlsson,  D.,  Skarping,  G.,  &  Dalene,  M.  (2004).  Determination 
of  technical  grade  isocyanates  used  in  the  production  of  polyurethane  plastics. 
Journal  of  Environmental  Monitoring  :  JEM,  6(1),  606-614. 
doi:10.1039/b402775b 

Marand,  A.,  Karlsson,  D.,  Dalene,  M.,  &  Skarping,  G.  (2005).  Solvent-free  sampling  with 
di-n-butylamine  for  monitoring  of  isocyanates  in  air.  Journal  of  Environmental 
Monitoring  :  JEM,  7(4),  335-343.  doi:10.1039/b414761h 

NIOSH.  (1994).  NIOSH  Method  5521,  Isocyanates,  Monomeric.  Cincinnati:  National 
Institute  for  Occupational  Safety  and  Health. 

- .  (1995).  Guidelines  for  Air  Sampling  and  Analytical  Method  Development  and 

Evaluation.  Cincinnati:  US  Department  of  Health  and  Human  Services. 

- .  (1996).  NIOSH  ALLERT:  Preventing  Asthma  and  Death  from  Diisocyanate 

Exposure.  Atlanta:  Center  for  Disease  Control. 


98 


- .  (1998).  NIOSH Method  5522,  Isocyanates.  Cincinnati:  National  Institute  for 

Occupational  Safety  and  Health. 

- .  (2003).  NIOSH  Method  5525,  Isocyanates,  Total  (MAP).  Cincinnati:  National 

Institute  for  Occupational  Safety  and  Health. 

Omega  Specialty  Instrument  Co.  (2006,  9).  ISO-CHEK®  Sampling  Protocol.  Retrieved  12 
2012,  from  http://www.omegaspec.com/kbase/ShowKbase. asp? Article=203 

OSHA.  (2013).  National  Emphasis  Program  -  Occupational  Exposure  to  Isocyanates. 
Washington  DC:  US  Department  of  Labor. 

- .  (1989).  OSHA  Method  42,  Diisocyanates.  Salt  Lake  City  :  Occupational  Safety  and 

Health  Administration. 

Rando,  R.  J.,  &  Poovey,  H.  G.  (1999).  Development  and  application  of  a  dichotomous 

vapor/aerosol  sampler  for  HDI-derived  total  reactive  isocyanate  group.  American 
Industrial  Hygiene  Association  Journal,  60(6),  737-746. 
doi:  10.1080/00028899908984496 

Rando,  R.J.;  Poovey,  H.G.;  Mokadam,  D.  (2001).  Evaluation  of  the  ISOCHEK  Sampler 
for  Measurement  of  Monomers  and  Prepolymers  of  TDI  and  MDI,  Project  155, 
Reference  1 1415.  International  Isocyanate  Institute,  Inc.,  Manchester,  UK. 

Reeb- Whitaker,  C.,  Whittaker,  S.  G.,  Ceballos,  D.  M.,  Weiland,  E.  C.,  Flack,  S.  L.,  Fent, 
K.  W., . . .  Nylander-French,  L.  A.  (2012).  Airborne  isocyanate  exposures  in  the 
collision  repair  industry  and  a  comparison  to  occupational  exposure  limits. 
Journal  of  Occupational  and  Environmental  Hygiene,  9(5),  329-339. 
doi:  10. 1080/15459624.2012.672871;  10.1080/15459624.2012.672871 

Roh,  Y.,  Streicher,  R.,  &  Ernst,  M.  (2000).  Development  of  a  new  approach  for  total 
isocyanate  determination  using  the  reagent  9-anthracenylmethyl  1- 
piperazinecarboxylate.  The  Analyst,  125,  1691-1696. 

Rudzinski,  W.  E.,  Norman,  S.,  Dahlquist,  B.,  Greebon,  K.  W.,  Richardson,  A.,  Locke,  K., 
&  Thomas,  T.  (1996).  Evaluation  of  1 -(9-anthracenylmethyl)  piperazine  for  the 
analysis  of  isocyanates  in  spray-painting  operations.  American  Industrial  Hygiene 
Association  Journal,  57(10),  914-917.  doi:10. 1080/154281 19691014422 

Rudzinski,  W.  E.,  Yin,  J.,  England,  E.,  Carlton,  G.,  Key-Schwartz,  R.,  &  Lesage,  J. 
(2001).  A  comparison  of  solid  sampler  methods  for  the  determination  of 
hexamethylene-based  isocyanates  in  spray-painting  operations.  AIHAJ :  A 
Journal  for  the  Science  of  Occupational  and  Environmental  Health  and  Safety, 
62(2),  246-250. 


99 


Schaeffer,  J.  W.,  Sargent,  L.  M.,  Sandfort,  D.  R.,  &  Brazile,  W.  J.  (2013).  A  comparison 
of  two  sampling  methods  for  the  detection  of  airborne  methylene  bisphenyl 
diisocyanate.  Journal  of  Occupational  and  Environmental  Hygiene,  10(4),  213- 
221.  doi:  10.1080/15459624.2013.766546;  10.1080/15459624.2013.766546 

Sigma- Aldrich  Co.  LLC.  (2013).  ASSET™  EZ4-NCO  Dry  Sampler  for  Isocyanates. 
Retrieved  Janurary  2014,  from  Sigma- Aldrich: 

http://www.sigmaaldrich.com/analytical-chromatography/air-monitoring/asset-nco- 

sampler.html 

Streicher,  R.  P.,  Arnold,  J.  E.,  Ernst,  M.  K.,  &  Cooper,  C.  V.  (1996).  Development  of  a 
novel  derivatization  reagent  for  the  sampling  and  analysis  of  total  isocyanate 
group  in  air  and  comparison  of  its  performance  with  that  of  several  established 
reagents.  American  Industrial  Hygiene  Association  Journal,  57(10),  905-913. 
doi:  10.1 080/15428 1 19691014413 

Streicher,  R.  P.,  Reh,  C.  M.,  Key-Schwartz,  R.  J.,  Schlecht,  P.  C.,  Cassinelli,  M.  E.,  & 
O'Connor,  P.  F.  (2000).  Determination  of  airborne  isocyanate  exposure: 
Considerations  in  method  selection.  AIHAJ :  A  Journal  for  the  Science  of 
Occupational  and  Environmental  Health  and  Safety,  61(4),  544-556. 

Supelco  Analytical.  (2013).  Extraction  and  Analysis  of  ASSET™  EZA-NCO  Dry  Sampler 
Rev  1.5.  Bellefonte:  Supelco. 

Thomasen,  J.  M.,  Fent,  K.  W.,  Reeb-Whitaker,  C.,  Whittaker,  S.  G.,  &  Nylander-French, 
L.  A.  (2011).  Field  comparison  of  air  sampling  methods  for  monomeric  and 
polymeric  1,6-hexamethylene  diisocyanate.  Journal  of  Occupational  and 
Environmental  Hygiene,  5(3),  161-178.  doi:10. 1080/15459624.2011. 555711; 
10.1080/15459624.201 1.55571 1 

Tinnerberg,  H.,  Karlsson,  D.,  Dalene,  M.,  &  Skarping,  G.  (1997).  Determination  of 

toluene  diisocyanate  in  air  using  di-n-butylamine  and  9-N-methyl-aminomethyl- 
anthracene  as  derivatization  reagents.  Journal  of  Liquid  Chromatography  & 
Related  Technologies,  20(14),  2207-2219. 

WADOSH.  (2013).  Isocyanates  NEP.  Olympia:  Washington  Division  of  Occupational 
Safety  and  Health. 


100 


REPORT  DOCUMENTATION  PAGE 

Form  Approved 

OMB  No.  0704-0188 

The  public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources, 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of 
information,  including  suggestions  for  reducing  the  burden,  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports  (0704-0188), 
1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any 
penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently  valid  OMB  control  number. 

PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 

1.  REPORT  DATE  (DD-MM-YYYY)  2.  REPORT  TYPE 

05-03-2014  Master's  Thesis 

3.  DATES  COVERED  (From  -  To) 

August  2012  -  March  2014 

4.  TITLE  AND  SUBTITLE 

Field  Evaluation  of  Solvent-Free  Sampling  with 

Di-n-butylamine  for  the  Determination  of  Airborne  Monomeric  and 

Oligomeric  1,6-Hexamethylene  Diisocyanate 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

Heline,  Tiffany  R.,  Captain,  USAF 

5d.  PROJECT  NUMBER 

JON  13V982 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Air  Force  Institute  of  Technology 

Graduate  School  of  Engineering  and  Management  (AFIT/EN) 

2950  Hobson  Way 

Wright-Patterson  AFB  OH  45433-7765 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

AFIT -EN  V  - 1 4-M-29 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

AFIT  Office  of  Research  &  Sponsored  Programs 

Faculty  Research  Council 

2950  Hobson  Way 

Wright-Patterson  AFB,  OH  45433-7765 

Dr  Heidi  Ries,  heidi.ries@afit.edu 

10.  SPONSOR/MONITOR  S  ACRONYM(S) 

AFIT/ENR 

11.  SPONSOR/MONITOR  S  REPORT 

NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

DISTRIBUTION  STATEMENT  A.  Approved  for  public  release;  distribution  is  unlimited. 

13.  SUPPLEMENTARY  NOTES 

This  material  is  declared  a  work  of  the  U.S.  Government  and  is  not  subject  to  copyright  protection  in  the  United  States. 


14.  ABSTRACT 

During  this  study,  a  field  evaluation  of  a  new  sampling  method  using  di-n-butylamine  for  the  determination  of  airborne  monomeric 
and  oligomeric  1,6-hexamethylene  diisocyanate  (HDI)  was  performed.  The  Supelco  ASSET  EZ4-NCO  Dry  Sampler  was  compared 
to  the  Omega  Specialty  Instrument  Co.  ISO-CHEK  sampler.  Three  specific  questions  were  addressed:  1)  can  HDI  oligomers  be 
quantified  using  HPLC-MS;  2)  do  ASSET  and  ISO-CHEK  samplers  collect  equivalent  HDI  monomer  &  oligomer  concentrations; 
and  3)  what  is  the  relative  cost  of  ASSET  samplers  verse  ISO-CHEK.  Side-by-side  HDI  air  sampling  was  conducted  during 
polyurethane  spray  painting  operations.  ASSET  samplers  were  analyzed  by  HPLC-MS  for  HDI  monomer  and  oligomers,  including 
biuret  and  isocyanurate.  The  ASSET  sampler  collected  significantly  higher  levels  of  HDI  monomers,  indicating  ISO-CHEK 
samplers  potentially  underestimate  true  monomer  exposures.  HDI  oligomer  results  were  inconclusive.  Finally,  the  analytical  cost 
for  the  ASSET  sampler  was  determined  to  be  50  percent  less  than  ISO-CHEK  resulting  in  a  cost  savings  of  $32  K  over  5  years. 

15.  SUBJECT  TERMS 

Polyurethane,  isocyanates,  1,6-hexamethylene  diisocyanate,  HDI,  ASSET  EZ4  NCO,  ISO-CHEK,  ISO-CHECK,  di-n-butylamine, 
oligomers 


16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION  OF 
ABSTRACT 

18.  NUMBER 
OF 

PAGES 

19a.  NAME  OF  RESPONSIBLE  PERSON 

a.  REPORT 

b.  ABSTRACT 

c.  THIS  PAGE 

Dirk  Yamamoto,  LtCol,  AFIT/ENV 

U 

U 

U 

UU 

111 

19b.  TELEPHONE  NUMBER  (Include  area  code) 

(937)  255-3636  ext  4511  dirk.yamamoto@afit.edu 

101 


Standard  Form  298  (Rev.  8/98) 

Prescribed  by  ANSI  Std.  Z39.18 


